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t, j-yb j'i :— .[Ojt / oU^ j^] jf *ijaj 

■ r* ti i^r . \ _. \ 

« 

. 4.«.i.Ja.U ^ <_aJliil OLi 

jji^— t u --i i i—r f j>^>or-j\ — \ 

jJi\ i~£> 

®<\i jijuafipi, \<m l\\l\rv'i.—{\j>l t \ pij 


jioJl i^t j jf- i^5 '^J (J T;* 3 j 1 -^' ^ 8 J -A^' 




A j ' 1 ■ '' i 


t 

Ajjk\ C_j-A>- »JLjJo>r ' 4 —i.^ku 4_iAii\ C-Ay..-\\ ^ O j^e 

* * } 

Oj^aj ^ <. 4j^kaj Aj t yi\ ^ tOijf- S 

* *■ 

iAf .\ 5 4 jJiai . Supetstt'mg, lYveory Vi5UA\ j\S^i\ Vjlfli \ V^rA 

<. *\ o\^vkN^ »sW.\ o\n> ^.■>» *-« JkaV\ A_^_C 

i. Vj >'.\ \ »jjk Oy»~A> ^3 . t ^y>)A 

C. t 

3 >Aj <. '— - >«-» j\Si)\ j* ^y«4L» ^ 0 V> ^~y. iS-^ 

tu\A j\^a\ 4A»»a \^A ^y>*> 

. ^\p V^iWu 

— c t t 

^j» JlN vJk->»j\ \i_jjh \>J&}\ 5Ak oVi» j» o€ AiA 

"&ap ^\y»\ CjJ>> ii\j tiVij£ti\ sLjjA t3 " Aj .^>- v 3^^ j'j' 

* # I 

'tjjaj}i\ »j* o\ » » \\ 3 ~\ \jy£f \_«''o?- \j.xA jij ^>3 . 

fiAk O -0 jJu ^3 .V^>-\^- <j\$sj»N A-At vy \jjJk^>\^ 

. k_j\^i\ \Aa &*\j» *Vj\ 3 03 jl~* ^ 0 'oVjcj V i\ ^jiuyS *i JCa-S\ 
jVj^i\ Vj^ioj ^ ^—* ?Aj>r\ t \ \ KV ^Vf- i. Vij j» .Aji 

As* . 4»j\^a^\ c j^y^>^S \ AJ* &\jiAp\ ^\jjj ^ kl ^^3 t AJuVfli\ 

jWaj\ Cj^Aa* A—fci >i)is ^^3 • A^KK ^ A t: 5 '' 

'aA*A- ( v^\j>-'waj\ V^* <_.. Wi i \y_Ae~.'.» «oJtoA\ oA> 

A*>\j>r ; \i ^ TYte GY\osl \tv t\\e M.om l^\ ^ (. ‘\y..AV\ 

( * 

^ ^ t \—* I^ t '^ : ‘\ ^*Tr ^ aVVa'.* t ^A>jy*£" 

- \)\ J r*'*~ < ^3 S ^'^~ »Ajb jio A-a\ (. V_jV^ 

V 




1 j aju . ,j» Aj ^ | -^i S \'.«\a~..»\\> '-^ \A»y\3 

VjU—j ii>\jc»^i\ iiii £» \ :..»..» \jj\ A-> . jA^\ ^Aiai 


^ <• ^,\ \aj» ^3-A^- 

AA-\j o\ \ .jaA yy . VjJ»iJ\ AjjVa‘.V\ *—A~M\ j\^jM\ »Jiai 1 

uj^\ jt- t-X.a« 4^i ^_ r >'c^i\ \jj» s\^ 
O^KAI^N »j«J» i\jk£-\ t t\i\ ^ \^" Ai* . 6j j- ^ a* i>w^\ V^y^y* y>- 
CjV^JiN jAij \yi*\>Oj o\^ 0^ \yik > wj 0\ V^ v—,.\\a't 


iViA^p si3ii ^ o\ <» <1^0 iV>^i\ 

4^*>A~-\ j\^>\ gAP \y^ \j*>-ji* ^aSjla *\£ (,\^Lo Aaj\^j 

Ajj!\.\ oAJb \—»^> AjJfevW ^ ^ 


. *+*~*J^ <. Ay*—;\\ 4 jJ&} VjJioi ^.j>-yk 

c, * t 

0\ M\ «. J-» y\i£- j^® li ^jV» ajb\j\\ j\j^i\ ^yay» o\ ^f-j^ 

^ ~a\\ ^\jq^\^ ^ s_\jja ^bj j\ y\y c yj^a^N y^* 

. ^j>»\_)\ \j j^aP ^ ^Aii\ 3>^» »^a>- ^af-\ 0^. 0\ J^.V» 

^ \.VlOSS u“>* ^ jy^Ai\ ^JAi o\ \joA iy 

^_-j ,y N..T>rybutgb jj_a\ji jA_>\ <u-iM\^ oV_*i^i\ ^ y*\jci\ 

. *la>>_A.\ vl_i.iV>^\ 


v.rA a <iy. 

Oj\j> iiUy: 


A 



1 


?«y *»A l» . > — > 

js' jlbJi £* j*Li)' J! ^ ‘o- '-^r^ 9 r^ ur* u 

ilJ~\ ■:.i^ >«Ui («LU *Lip) OirfjW' r^' 7*^*^- ^ ^ 
c l, l.< " « jjJL^iJl Oli t £' t jL_jNl ( _ r ~iJ' «L-lpj t CjljiJU OwL»-S 3^ 

. ij\i £ J&- t-^ c$' 0>^J 0 ' jl^i J! O^IL^ t j^' 

£. Jljjl. jjAl jja^ (H^W ^ ‘ > U O* ‘ ty/y ^.^3 

«isr-JLc’l | Jp 'Jis«- ow> ^Jjl' JiX>j ^j«*il Ji* ^' «IL^li • bjAii 

vi_s- vr-^J' J 4 -' J u r'-^ 1 * 

'JlA ^j£l . iiJUI Ip'.UftoO (^L^-iJl if-ljJ t t 4~U' Obl^JI Ja—jl 

jl Ju N 4 Lja>lp jlT L-fr<* t 5Jji*ll i^iaAl iJji— j' ^L-t <J* jl—J,! i_^“-^' 

. tJ'ij 0y|^ 4 jLa-p1 4«*^^ 


AajLI 4 dh^Laj jftf-b 4 jll*Ji I-La J-*-- J ^L^iil Oujyd Nl £-b<i^ U s^i jl 

t «LIp SOp i^j*; ^1 t Sj^ill 4—jjll «JLa jLaili . reductiorusm iJ^pjyi b,-U ^ 

4 «K o^^i' ^j4* ij9 41 jia a t “ -1 —j.L*** ^.-. tf ■ ' ' ^ '£• j' jj.A 4T«n 

# « t — 

0 )) (1)1 l-..*Jilt i-j-A wjL>Ws^i 4_^ji 4 J>~\ jU»| 

, S^UiJ 4aJj 4jLj-J 1 ^\jo d)1 4 ^ j ^ r - * 

oU^il oJLa ^*^ 4 aj>-Ijj 4 Sj^Jii ^ Ujtp lil LJ' ji| j£~y iJ|ppNli 

. 4^jsL) 4 1^«'^ -X^ 4 j^^I— 


t i_ok.il' l-Uk jt- jlSvl^L j'S' 'ij L_i (J iiLj j' U* loJ J 

^*A^-JI (jv-JUj-ii' i jO*j IjO» J|ijaj' ^J) ‘UjU*!! ^L*' Aj' SjLi>Vl (_|a 

(jj Ai/JaJ' «Ia Ji> j' jU*> j' j* t L»y*; t ji I ( JS” oL^aj Jp- 

t i 

^~»w» . j> jAliJ Ai^y* c oLoL^l' (J t a*>jlA' o'« i —4 c £ jjtj i M If t «.^i> jr ^yiJ 

a LJL . 1 (j'Akjsjl '1& t oL»Jl~ 1' ‘i* JLL ^Ijla ao' 

frLjj j Aj-^L-V' ^vsL* 3' Liy*j ji ( - 5* > ' ‘ ^ j* aJj* X>J> U . J..a»:l' S^iT 

j'i 'JlSokj . J' J5\_iy l $.«..:> aJ_i*i' UykUa* j n (j* *Jyj 0' ^Jai—J 'b/ t ^l\jkJ' 

* * ^ 

( ^jP ^-JaJ 4 jcLiM <—i-Uj 4 ^r JLc 4 JL~*^ 4 ^jujIj^a]! 4^ jJ ^d ; :.^ ^ 0 

01 iJlp>-Vl \iJ^h iSji dili £*j .^JtJl ^Pjll i-AU jl SU4 J^lff 4 j^pVI jl^JVl 

.Jft&'O^ J-/0J t)' 4 j^ J_J^I »•** J^" Ji—" 

Jii^-LiJl <_^JkJ iAl' JJ ^^li-l jyii' j QJ>.^> -li (|Jl»j U-i) ^ iJ 0 Jj' o[ 

aj,UI t L^iyaJ JyL' . Democritus u ^ ij lc^ Leucippus j it i ij Al\ 

* * * 
t o';JJ' j* ^<L>-' Aj^laJ' »1® (Jj . -lai» t*A>-j o JS ^ <_A2io jUjJ' ol; t Atomism 

J\\ l^-Ja/Nj UjUl j£s 'y l^i ^ou; L Elementary 1*1T j^J j' Jo^jiW j£i 

. 1^0 (^' 6 AP ^ *., <a * )) (J^ai' • aJI^-'* 5 j| 

. «, » ♦ * * * ^ 
j[ Jl aj (j JJb (j . 5r>L^ jj/* L*j>- 

OLj ^Jilll J-^I^JIj fA-iaj jl L*^ 1 ^ +jaju ^jL^arli c-,.,^^7 jl ,ju oUIaUI 

4 OjjJJI illj ^Jp IjiaJ d^lpt <Jt (£j*i J ji" 


4 jU> ^Ul j^ijl (j J-Ul^ JUp' Jjai; AioJ-' A*J*jl Aja^l OtU- ^ 

jli^L 7W>' Jii . Ailli' aS^>- jjy'y <J»Li^A; LfcPi Aj,-ii' Aj^iaJ' C..--.~S''U 

^ ^ ^ „ #> C ^ < . 

jlUii »JloJ' 'Jlaj . 'J-3r AJljyi jy^ £~^ '— ia i' °'j-^' i V‘' 

: u—»U- l Aiyip 9 j&. jL Laplacc 


A*~laJ' j aL.I*J' Jf i U AiaJ- aj' j t lJ>j£ i jr 1 ^' j} d 

|jO' oSyl pj jl Ajli i ^5' aW^N' ^i'_y 

4jOJ jj5s> j' Ja_p> 4 5A>5) a « .. „ g (j O^iJI ywsl o!S^>-J |ll«J' <_j 
a^'A* ‘ JJb»«J' oU)i»i' «o* £-j>j JA’ 5;Aill ^ 

CD . AjUA ^Ul JlJ*&\>- jb-w^i L*t^” J- . - A - — ^Jj l aj A-^Jl) A-» 


^. 



. SajaJ^I^ jlS^UL iJu&j 

t ' 1 * t e . 

Ji lp«4 -ij^i Jfa i.ll oJjb j\P 3.XjJlP \jy\ jl ^v»ljJl ^ 

aJL~- ^ 'T * ^b^ j* u (^i Ji 

mwj.Ij Ji ^p Sj^Lp . c— j!^>- J^ c^y Ji LA ^ili L$i5" y^LL-j ol^JiJi o Jia jJLa* 

j « * t 

J Ajjjii Ji £j>*»si 2 . (j^y 1 Jgji aJa^Lp ol^-LJl J\j Aipliji <j^JL!i 

^.LjiddJI ji tiAta ^p "^3 * ^j\j >s£y iii jw-dil ^ A^JaJl flJub jiV| t 

» * - * 

j]a-j JIS"* . 1—4Lx Sj^jaJl ^jl>- L-n.^j a5 Ly^>- ^jJl jj-^b ^b-^ ii^>o (_£jJi 

e * * 

V ^-wNi d-i-A ^p^ . f-bj-AJi 1 {.j^“ L^b L^-^lJj JL*jU ^p jUjib JL^ll ^i 

. l.x^- A— ^ 3 ^ Aj^ji» 1 -J Ip JUpI jLipl Ji| 

* * 

L4JUP j Jl*p ^^LJi J^Ali ^4 ^lxli t^bb^ l 5 *^* ^— *y < ±£' aIL^- ^p ^aj “^A 3 

JiS** aA^^J^ Oyijtb • A—**%A^|j^****~ ^ ^ A^Jiit AJLdb ^lA^L^jAl l^I ^ _~^ jj i*^i 

li* J a-—J a^^Jljl 5JL5iU ^aUl* Jji J 01 i.» ;: UII (_5ji3l JT jL ^kll Ol£*^jb 

i tLjjiil C J ^’ 0 "*^b 4 (J^* '■-’b'^ j*iyj . ilti jl t-O^iaJi 

c^L^Li j j is* £tjj ^p 0 ^^ wLaj j*&zAi ^ p ol o-ip jjt££*\ jla> 

owb' fW ^ % « * ^Lp LaUJI d^Lst j Jli Kelvin jAlS" >,^1 ji . aJIj^AJI ^Uil 
ij^ latf* U—ip ^Aj . fi-bj-Ail >AjwL>- i’j^* U^LaI ^ )) t oUajjJ^ 

. ^ m3 O ULj ^Lw«* ijL^Aj , (( dJl 4JJ ^ 

l 3 Aji (J A«J^4 j^P AA^3 i^jj Ji ^j l ra; .> i t>\jj)\ A*J J*i ij&j frliiljj 

• v-*k^b 's!^ 1 : jc~*L.\ jyji ^jfj j*\j±\ Ji i^f ^ t ^jl 

!jj^ jJ-’jj t^-*i ^ « ^U- J|^>- —jJl lijb ^">L^»y iljl4 

• (W* J- .^ 2 ? U-iiL;) jy^iJl juU jy_ ii^: ijajlj ^40^1 ^iJl T.Kaluza 

jl p-t-j O^iJl l-i-A ^j* ‘~~*J (0 ijjai jj^j Ij^Aj 

, iJj J^- i>b.5 J >.Z., Jui Jjo |1 tlj^iJl 

‘ i^’^*'*''^ J»LtJlj jjy^J'yi L_>Li^l 
y* (_r*^' jL*«— 1 JI t^jl oJJi JS^ t a..— ~ i. l l J ^' T . t . ' . j l AjJii 

0 ^ . I^o OI^aJJ OI*jLoJi ol> ^ ^ aII^ AjS^-I Oyb^ < 0 --.\*« 

^ * '■ / *^ 4 1 J ■ 4 A. I ^jIa~aJ| I J ‘ * 1 ^- 4j^jJl ^ ■ l^< jA£2 a 





1 


Obj 4 -LjU ^Jp <JyUj 

. Jj 4 _C JuaJl 



Aj^iay c jljJj Jl?t jli^iaj O-llsy* \ ^ V • ^lp Jl^>* c3j 

3^ t\jjJ&\ jl Ijuj ija>l p i j&*i C.. 1 U ^y . ^*&aa jrijiy t ot*Jl 

^~ H a\ Jj ij >0 N b jl p-Py • ^ ^Ja-—*J 4Py*-^ (_£ 

P P * * & 

*->- ^jA J-lP ^jA 1 ^ l ^ " <d]^4 i^il ^»L-*I Jp a.slil Oj <-»-»15 1 * *<J C 1 jA 

■ -iij . j«^Jl ddJl £~aj If; ( oUj^ij olijjj^y oLjj^J!) <j y/>'-(- 

5jjiaJ elr'l U oUjt c \ \ Y f aIp 4 ^yLL V JjU; aji. J tEddington jj^o! ^JLi jl "iUi 

p p 

-Ay . A-*j^P Aj^JIp i^jli^P ^P JL>j^u Ajj^sd Jljyi) 4>y^W aJ^LP ^1 t 4*—< L-j 

Jjiil ^LJLjI jl . \ ^ ^Ip Jy jl Jl J^aM U* j* jlSJl yjtej J j^ujil 

* 

a*L <,«,»,ja,ll i_j. . + 0 y Jl - Ul» - J # a-l»-y* Ji>- <j_Jai 9 jjP d-»«Jl J 

» 4J^ O J-LA 


j^l IAa oUi jU- f\jyj Jp a-Uaw Jt ii ii Jp »^i*l! juS/l ji j*jjl jJLu L^i 
jjJ.lj jj^jJI 4 oU^dl <->,» JJ j\Jau£)\ ji dJJ-5 . **>S-* C-iS" 

Nl (jdl^all jl a^iJ aj> JuN Lic cjS"" 4 SjJJI #ly J i;-*l^Jl i-»lj»yi ti^i^l 
J *—>jl^»i)l oUj^iJlj <lj\jjj&S)h o^^LiJl Xj >aa> Jp J'* - * 1 

‘ jr 4 ^**^* «jdJl jr* ‘j Ly . v iiJll» O^Ja OUji.Pl 

• IA* j j»A«JI JW; f*yi ^ Ijf -UpI t)i jui 


J^l Jl djdljj-ill dJ-ii -'ju jUjJi (j< j/ k-5u^j «. Lsflli l ^v* Jj jlSj 

t^ijl 4-ja^ 5djaj ^3 4 tijjAlI jji t^JI ld> l^* ^ill “VJI J tS y-~-* 

t * 

J<l i;plX« Jp I^J* (J^*^ ^t^-J Jidj"! ^{iil Ij-k ^*J . #jlll { jP' yj3 '£-. 

— t ^ 

i>wj9 jjpl ^jJI iSJLiJI jlyi/l J JS' jj^^i -k-^ 

A>/u dl OiljJI jr l^ c^jail ^51 <J>JI S^kllj . JUNI ^si IjJp JJuS jufct Ua j 

4 5JUJI iiljaJl ijjli ol-5-1 tbjjjl 4 5|jJI 1 Ia 5 . yU.<all jjljywa ilp Jjbi a-UjJ-l 

. iaJLiJI jlljb/1 <^id a^* 2^10 ijl^L ^aj\ 


sy 



£ ^ £ & £ 

(Sji lili £jl Vjl Ipip ? I—i>- Aw»^» ijJaj ( j^ ^Syi jl t j^C liL* 

l$ .,<a‘Lsa>- ( Jx< Lii jl^ c [f-Jji ^Jl 4 j^ adJI A—_—jM Ai-^jjJl jJllLJ jjjLjjA)' 

^dir jl l_jtf Ij~Lpj . iii!i ^ILy ^»Ja;«ll ^j»JI^ aJL^^JI aL^JIS'' t aJLa^I 

a—«L^N l ( h £^aJI ^|p l?i> V jl (^1 4 o>L*-—i-l ^jy t C-*^pliJI (3^^ a^^a LiUsj! 

t # t « * 

jl Aj^JaJl «JL* ^ja »d^i—Ll oIjI—3-I ^Jpj • A——J' 1 ■'&>} ^la«7 jl Jj 4 ^^!l 4 .«..Jail 

* 

yljjj t l „a»; oL»-—J-' scattering jt*j oU*« ^*--l iJi^>«Jll ^a3l ii-L ^Ja*j 

frbjj» (J 4.... ; iU JT 4 -jI—>■ j! ijjJaJ' <Jp t—J; C jUaiPly . £1 4 l^^ij 

A*ajUa>-j spacetime jl_£.jJI JL-jla ^^iJ 01 l^lp jl aIS' jiJi Jp ^3 . oL*J-l 

* * £ « 

* ^1 jiijJi l-i-A $.L*- c-A-S"* L*-*«-fl> ^ ^.£«J j|j ^ ^>*^**^1 ^IajVI ^JLaS*' i 

. fi-ljJ-jiJl jl ' «/aji Ijjp J-* t JS** IjJb t *^J 


<UuJaH u*l3 J 30^-jJl . t — \ 

tSy* t jJJi J-—* <3 ‘ ^1 • *ij*> Jjl^ <3 <3^ t^/*l J^3 

j^ <*»!.*. —X.l ^ jl^ ^ A—»L*jyi jyl^M ^ ‘ r ^l jlj ^ A—OaiII .« ^ 3l 3 >-Ij jl 

4 AjjiaJI U* . oLyI*il si-fe JS" jlj 4 l*—* aIpLaJI iSy-^ iijysll Ajj-ill 

! jil*Jl IJu ^ i_j>y»j jl djjJ L* JS"" i ’j*£j lia 

jjp Jjdj^ jljp jJp : 4^**< aJI^ Ai^Jidl j[ ? Jjluil lj* aIaJI ^li 

, ^j^l^pVl^ , jyl^AlI A^jli ^jA ^jA ejJl*7 jl 4—^ 5-d^- 1^3 j JT j^ . <~*AjA 

A^-jl ^ SijSjJ “3^- jl Ifrl^ ‘-r*?* ^ 4 ( 3?l*-3l 5;Jjill tf;dj jy^i jl «—J; . i— L-Nl 
3 JLap 4 1« JL» J,[ AjLcl aJLap a!I—» J_»aJI IJLa ^jA Aj^iai ^jp j~>*Jl jl 4 ii-j . A«.;Jall 

0 . £ I 

. 0^3> jl Jj V 4ji—JaJl jl; jlcVl 1 ^ 

^jlp ^|j UiS" j^^j a^IaJI 4j^jfl-Jl jl 

Oljj^Ja^j . ^ 5^>- J>l^ (,f»^ jl ObjiaJl SjIp . 4 I S 7 . 1 U 

_jli..— jjjli t3j—J l—j«-ijjC • (3^3*33 !^*j jl Aj^JaiU 

^Jl iiliaJI iiliT jL Jja 4 ^ AA • ^Ip AiLi^l JUp 4 jjjUJI I-La jlT . ^l"-^ <3 
v-ldl oU f Jij . UU\ *jJs~ ^oj Ji I £. v-la* ^-1 I^aJ 
■ ~ 1 -J iolill «JIa jl jjw ^ ^ • • ^Ip a.< ^ «. 5k JI 5j [Jjiu aTU Ujup (j^3j . aj/sJIj 





oly ^ 4 , 3 c-<!y L Siii» l^I Jj 


*l*.IbH 4jc«jaJI 
. l)l*pJj> oljj klli^i 


4-^iJ-* <—a«1^j ^l^liJl JUpI ^Jp^JI «1)1 oLL> S-Ip (j 4;^_l*JI a^i-li L . ~..t 

« Aj^JaJI ^lJ4 o-jtjiJI .i-AP ^UL Jla^j Ipii L»-* ^ 


alkali ^ 4*lp 1)46*" L^P- SjJlU -dTLiJI a j-fc t -P)4>«ljl C^l 

Olj^il jyw> i-lP i_ill)£ 1)1 aJuJiP £4y*il '—*s^" U>H M 4 ‘* - ?“^*J4 

jU»J ^ Jajl^i 1)1 iilliislkl Ol_)-UJ ijl—•—«-jLj-aJI • AjwiLo'^fl 




«1)4 v _jfi a-ei ! Ljli Aj^ 3>»JI ^ r-ls^-V 1)1 «_.^ «LiliU A-Jl^Jt 1)1 

. *t _ .” , 

j a , L »>i (^jJl Ol.A»-jll |»JL- Ja A» .A^-lj ( J>Ip l^Lil jUaJ (J ijy*i 

j.^a'il iJLi-l a-L» (j ) . Aj^ 3«»JL aJbJL^- <—£. L* aJo-j IJLaj ‘ ij^JaJl ^aLp jj^u 

J-I^JI LjI jjy«J V Ip^J . ^Lill oLLp (j 4-ip £lUim 2 j (jLajl -b Jl£ ^Jp aJjli 

OL^af O lx> « Ju>-j -b»-tj lx> ^Jp -U^-J 1)4 i—Sj^JaJI a-La ^~“3 ( ■ *ijl®«J4 «J 

aUj-aJI ^P lajiyiC ^jJaJ 4—valj) 4«.v3 IjJkl IJLa j^sj 1)1 . 1^15"* 4,«.;ia'l 

« 

_Fermilab jjJw «L.Lederman jUjJlJ L)jJ Jji i-U<aJI IJL^ . o-L-Ml 

l)j^*« Ipl AijJaJI ^jP —t-yi <i*)L**ll Cj Uj ..> 4 -4 —• |»-lay (^JJI jS^ll 

. (t_^>- fj aLJ- I 1)! Sjy^i 

^1 J4^d • l$*a 1I 0« * « ^ d-U—J ju>-jx! iiilil oVjl^t 1)J 

J* •jfty c/*i^ '-V ^ jUau» 11 J-L-Su aj^JUl I ^_^l! Jjb; 

,1UJI y J~*J1 4>o ^ « Ij^fi. i^L, ^Jyi Jpj iUL-Jlj yUVl ^ 

• Vy <il ^.'r J '^-P’J 

A-^ill tj 0,1*; OIT . Jjjall li* S;Ji. jp jjbJLji JUpI jJ*** cJg 
«34 s-*s p4j^-aJ 4 1)L aXi«jl « iJUa*j! ajiJI} iJlaiJI a^tll JilSo!! Ll*. ^ -U--; oUjl 
«jy^* u*j • ^ts» >1<I^>-Vl (aj,UU ^v*) oLJIJb-Vl il^- je- a la-..-* l)^j 

AiJ . (JLSlJI ajV^Iaa J1 (J-Py 1 j\ ; i a J .,«.. l l 

i£ 4- Ja ..- ; ^pJ oViUil aj> l^dsL-y IpiliL l^sli oVil«ll aJL* O^J>l 

«aUill ^>«JI ^ (JlilJI jla^l jl « ofj> . a>UJI Jt^>-Ml 



* > % • ' 

U»Ip- jc< ^ Jl<y 4 ijjiiJl «Jbk rtjli ^ isf-^Jl) t JLa i Ijbf JLm> 

m *Jl<y ^1 4 1^ ««.»»* L) 


La . LpjjJ» jtfi (Jf- 4 (a^iJI (J| JjLJVI {j* * *i*>- (■ 5—JLtJi iJajLt U! 
cll “^ A i ^JJaJ ytl^JaJl ^ j^lJajj 

Jl oL ^ J a uIl «aXa O^li Jij . o UjflJg? ! 4 l^JajJ 

(j jA 1^1» oL^J C. Jav~ ..il . L^4« jtS"1 jjjjiy» l^ |»^- oL>j* 

* * * 4 

^J^j LiJLl 1 ? «.*j . d j> i>»-^ -tS^llU <^jj\jf- 5Jb-b^ 

« . t 

j • y*£ <j d^> ijjJai ^ ^ (3^ ^ 4 L* 

C -4lJ> 4 y&* 4 i^jaJU . d-LA ^Jp dJuJ lP Sli*l oL-«i-l 

* * 

Obj-U-jl) (_aJ^ 1» <j t L-jykU» i_iJL»fcl* 4 (_$-*-“ Ol*^ i_jui*aJ ijLp ^ iJIji» 
4 <2jJa}\ a-U L»>*j . *-r^LsJt j* O-uL .1 «tp^su iJLjJ ol^LiJ Ij- c-»-ji (multiplets 
bjj t ■iLoi/l (j ^i.l>»ii l^l 4 SjjJlJI ^ 

t 

. ii-diil -ka- j* dJJ-i* 4 ^LA.Jbill iibNl jf- .sUiVl ^1 ilolt 

t * 

iS^>- jl *)L> ,jA^ Aii . ijl^i* -U»-jJ 5* pLj^l ^1 

» . * 
£*JdU* JlIP ^L—iJjL- ^Jp 0 ^Jr3^^i 1 

JiJ-l Ajjlaj Jjj Sjaulj uii.i tjy ^Lilj 4 <.—Jvlyi Jy—J>L» 0>-j 
»^al ^ S ** ' 4 ■ <31 ' (jl vJ^jLjL {j«i*a^ ^ 

Jajj liJJi -1*< 4_-*ij 4 aililj iiUaJl 4 _ 5 4 L)L»jJlj jl^il v^ut^S^I 

. iiliiJL 

4 _|^ O^/jLi 4 kiiJi 4«.. ^l l f^y Ju>-y] 4 Cjyr a^>-Vl jjwJl jj 

SJjIji* (jL»pl j < u ..) -a Sl jw jl S~r^J • ^L»Jl oliUail jLf ,j ol*^w>Ll t\jy» 
4 jLfeT jb^laj ^ Oloil II* J_j . i.JicJ.1 olwi-l UUa ^ Jlj^I 
^■U j! Jp ^AlJI c^jU JT -U^j . ^PJ! ^bJl, ^_J| 5^- 
jl jil LJp oL~~4-l frL)J jl JJj . J^-io jl jOjjJaJi 

. Uf. **r 



j*«Jt . r _ ) 

jjy-J «1)1 «^>llt Ojill A)lp c £*jaj\ -Lol 

a ♦ aS^~U . aS^A-I «y >w ^ ^ ** ^ 

£»-_y (J| (-.•—•!) (!)( (--£ aS^>- (^* ‘ ui)*!) jJJIp t (jt> * * ■-■» Ja>- ^ APpJI AaU) 

jS~«j aylla (J Oj-JUU (_jK^JU . jlja* ^bjj Jj*A* •AJj) (1)1 V S5yJ-l d)| i ijjLL» 

iij Vj a-i* ^ <1)1 « \^yt~. Uli dy^^-io V ^ Jap- ^ Aitf ip^-o 

jj^y . ^r-S'Uli al^^/lj ii fCS (jJaJi/l jjjy Injili ^ d)l^" «SyUoJI £jl>- La^li 

«, ;. .»s l l> «bU ji—o t «^siaJK t <U««Jey4^il ^Ijas' d)L «.$><» C&>U* l~$ ^>-1 i$j»- 

t^y* a£ (^1 <Jy5)V Aa^iaJI • *"a*JaJl C-ijj* jja asjC <y-aaJI AP^««i . j^-i tl-jaali 

«.jja »U<aiil jL JjjL (^Ij ^JUa d)t> , a! a, : ..»:Hj ap^JI aJa ^LaJ d)l <--£ jJt AjjlaU ^■j» 
* * * « « 

LifLa Ajjl)i> (l)i^ (!)&"" . If3* t^JaJI j - ' izij « jjiVl t*jjH t A-Jj* jjP iJjjja 

Ajjiai ijv fjMjj d^jill dJUfc Ot jJLj . <J| JS** u,.aaU7 c)l t dl,1a* 

4£y*M ( .i. 1 ^!*.^| ^JLJlp 4 j AaaamjJI ItaLfc* £.fci} 

* I ( « 

I .41;i 4>«*Jkli! OoLa) ***- j B** J 4**^JLjl 4 A» J 41^—*Jl d»XiL ‘ ^»> w JL 4 

« « « * * * 

! IA^>- o^LwJI (J U Jf" Olj g-Lj ai Jl ^ i^L* ^/»^1 jlj 4 L^L-U 

C-»B^ i A-^liL| 4. j a^i i l ij^Jaj ^Jl l* ^ ,a 

Ja>> j ^ ^Jaidl AS^i*l 0^ — Ij-j^ jll>-l «XaJ . ^ £T j> 

JS Lfikj* jJp ^jjal a^Jall ip^ (1)1; JlSi i jo j!I i,X» ,_/a»ji d)J) —*z£ « "- »> ^a * '“* 
JLaal^Jl) jX t aJLa»jJ ^ i«y-y ip^a C-»^ U_ja tay-aaJi (1)1 t>i*) . ijjlil! ^as"!/* 

ip^ (j'UaJ OlJLafij*)! « «■—~lllj l^JL>-l «^1 (1)^ . OLlll Aaliaa ip^-) 

.flJa-lj «jjOP <u.J 5j^l^)l SjLilVl 

^P ^J a ;> t a ..«. «i l) fj - )*'l AP^> oL) j^l « abJjA-l ^‘Jl IjlII iJLa d)| 

II .ay^ aP « *^"b ij*^J «1)V^-«JJ JjUsiU . j^!} Ol^il i*JLlJi jl^i'iU iiJUs 

«jiS^isil IJlA J JL^aill C_)J . aJjJbf relativistic Aaj-*-J Aj^aj a1p (1)1 k_ji 
(—*^P-L t,iis5£ U d)j^«*a a-i*j5! ijiiJl} AJlSCll oliLai! jl t d)L»^!lj djl^il 

« ^Ala t A*ia|Jl ApLJI a^i (1)| (Jji ^lja'.li iJL* ■ L^~jj (^jJI JUial^U AjS^i-l SiU-1 

n 



J I 

. (Ja-JI Ailb AP^—j VU* J *^M J* ^ 

b[ W jbiJI iftiw» Ay~JI <^iy>A\ al* . oULJ.1 ^ ijA lt iibkj 

jli uUall aJUII OL-J-I flijj J u . «V *!)! “^'4' ^r- cJ ' f ' 

U*j . ^A -)! ao*l II* J* Jb* <p>j*JI a*t- ^ U*- '<aJ J«5 ^M- 1 
g^ll iil>- J ^*j Uas- iiiii! oL-4-l j' £f!j J C* 9 !? 4^' 

j>j L^L>- a>j* J>t (>^l «j -U*gi Sjili*. >)«> ‘ 1^' jt Ji c 

.a^L» 

4 jjj ily>vlil ^ .—j-U . kiijl^Lil ijyl^i J Ijulj AJb*_jll} Ajl£il (JjljjLiJt ali j| 

g !L a 

jl ,^1 tl*j . *styA itajJ AibT j| ij t jAj dy. bf jol t a,LJI 

Ail ^LJ Jp »-4-1 aILS' j^JLj»iJl i —*jajj . ^yaio Jp Sls^Jl 

aIuiU i (a^-JI a1s£ 3| Ji jl) A-diljJl AbSOl j£l . (1$. ...*.» (^Ul JU»IJJ A*-Jb ) 
A£JL]j . fj ./»11 APj** AIP^** t_-*lj£#l (_£ jJ ^b iliJJJ 4 AZtyA Jp ..1 AU t 4 ^ .-4-'i Ailifljy 
4 jb£l£o» jl.?.....t, iiUaJlj ib£jl jl ,ju^ a s? _J 1 AjJij J AiUaJlj AP^Jb aJL^II a»*Ap a—I p 
j£s *Jb£ll jl Jp Ljajl AiJaJI . AiUaJl Jl£il ja j£i ils&l jlj aIsS' A»UaU jj 

JA ApU ih? jU- J&bj • y4f JU> Jl Vk^J ‘ ^ J ‘ 

ap^-. c Jlc ii-*- < E = mc 2 : Sp^-iJI ^jjls-i^.1 a»^U J 5l^ l^K" #I*j . iiU» 

. E iiU» ( jf- j') Jl J \ydi iLdf fti JiPj 4 tjjaJI 

LJp J*><■«**! f^ l ^ 1 4^a 1I 43y»^ t j^ ^■ ** ^ * sU> A>«pif^ 

. If^a AP^v- Jl aj^oll ap^ yw»I APp» jjC 4 aliPp 1*^* 4 J*^- jl 

Lf 4 jj^JI Ajfl^ N Aibif" Ja^ aj-jaJl ap^ ^«J-l jl jSJJ aJI»Aw«VI a Ia iil^j^/j 
• Js^**-—* II*J 4 J^-l II* Jl ^jL~Sj U> J^-L»- N A*U» i— ^/3~Al 

jjyjiil tN 4Pjj*JI AP,—J jl P(^'^ jl *J*D 

Arlr^N ) AajJjv* A«y^-JI All^" j^J jt A-J 5 Pjj*ll AP^ ^ 4 i • 4-^^ J*AJ 

*i)aj vlJI* 3jj . ( dj£~* J j^i jl 1*^* <J^* ^ ‘Aj^J-l 

oL*~-J-l al* Jli*j) . pjjall j* ^ji—d £—^ *yrj <J\Sa[ Lib L-a» A---JI 
Jl^»-I ja oUyJ-l al* ^ a-_JI AjJaJ ‘ tachyons OUj>U A^lyiM' 
. r -j c j . fj >11 U*ib jy-J jl IJbl ^j l i' —J N 1^1 4 ( _ r ~S , |*^l aU^Nb a^jaJl jl-^>- 

jju] ^»ujydl jJJ-l </t) !■>“** j^^-bdJ aJj^LJI aI^JI j^i j' i V Aj^-JI CjVaU» 


W 



otT li 4 ^LiU ol—*S" iJ^L—Jl Jj^JI Oj£j Ol OJujil l j^) • (4-Jl** 

• I^IaN Ijjl J——* »J ./all yA UajL jwJ 01 If-lp l^jii£ 

4 Njl . l^ Oj^UOO j«Ja*^ OU t ijjiaJ' c 3 '^-yt f? Oly>-U!l 01 

j-j)l (Jl< Jp 4 ^ i aj-sli V' yr~ t-y^ y* £j-*' y* ^ $ 

Cj^Laj JJLJ Ol li SjiUl ailil £• ^Jp-liii ol LOajI ^Ja; ..«i C-ilf . ^i>lil y£- 
yjj^i O^jl^ { — J y~ A-« — ■. 1 1 olijtill i^f ‘4'^'*« ./“-si ^ 1 0L*_)Jl lU 

^Jp ill sOj» l/* O-'lij-^-lj OjjL—^ Jjia y*j^ a W^ a^l^-lj 4_~>lyJl aO> 

0U>!l <j O^t y 4 B £-0»>l' Ji A £0»jll y* 0U>!l J 0j->-U' 01 ^L-l 

. L^So: OiJi 0j£ 01 L-ik> V y* y&j (A ^O»^! J.I B £j»>ll ja 

ol Jp tiyUO A_—Ji ij^Jaj <_$ iOl^ll Jv»|y)l j^' ^ cMy*l II 01 
4_0^U Ol £jl^Jl^ . l^ilJL>-l 4 -Ip- O.X£ N 4 aljyiJl lay* 00l>>ll^ Ol^lt 

4 ip*L0ai* Slilio» 3 JL>-!j <>y£ ij La* 0tyj£ 0L*jJl} Ol^i.1 Ol j^iaj CJ%y*A\ a -L»> J *S- 

(jy <_...-ll lOij . OlSwajJI <u«—J ^UjI 5j<j,I li Ijlj-Ij continunm *>L_^ Ujl>o Ol LOp- Olj 

. ^l*jl i*jjl ji A-i ,j~*j (^OJl jil*JI 01 O^JljjjiJI 

Ol^ll y£ y>y> jl^al 0|^«-* . l ait y** A-»—Jl Ol yj[z*iJj)l y~j 0l 0IS~ ^ 

ajili Jj«j jt- J^ju' Jtjj *jjix> J iJlai)l (jjilli . LOjjI aj^sOj J; 4 i-^Lil5Lll aOI^j OUpI^ 
01 l y*j l^*^ a~.,~ J I Aj^laJ (jyi o^SCaJI aOA t J>S , ^L-^>-S/l jw aUaUJI olil—i.1 yy Ljy 

t 

. s-j-OJI ^ ^ y— -J iJUill O^jJiill 

Jij . 4 jj. „ ..; I | o^laJ _Ip JLou iJlilll aJuJu^- f.L-j ^b-i^jl ^1U■ ^1 Ail 

oiS - * . ^ ^ ^ ^ ^Ip a>»^. U i 0 ^** cJ 

# < 

^|iaj 4 ^jL-J l^l 4 jt—. IaJL>-j aS^\j l. >».1^ A aJL^II (i 

iI li! 1 .»:>- jmJlj 4 4 SytlaJ! 4 J . aJjLL» lII 

^jL*jJI l)I l)L—^“ 1 j ^la.t^l Jl>“! pjp^fl ^jjJI IJla c,..ia •& jl 

4 J centrifuge sJuLI! ojiJ! ^ JlL ^-L-^l iJu^ Jpj . <)Ui)! ^ 

‘ ^ ojiJI ^ 5jl-P «.UaaSI ^* | fl&j • ^ aJUj ft 1^1 aJIjj jJI aS^LI 

. aP)L-J {.LjI J 4^1 i,^aflil J AipLaJl 8 force 

l^I ***) t ^aLJIp ^jJ Lij^*** AJLaill^ ^l^iS! 

. AJUill 4 J Aja>l**JI 4jJl^ 3^1p * A^jjaJI 4 ^ IJL> dJL«^ 


^ A 




_k»UI 4 P;L«j jP Sjfc-bJt « £ SJiJl » Jii (Jjly t 4iy tjf -lal—J <Jl (•—*»*U £i*' 'il* 

(_j>JaJ| IJLpj . aijy y- i3L- (_j c^ill *L^JI 0|> li^ J^y • 4 X 4 * (jiij 

Jl «p-aP J JaL»l ‘ t/»^' Jy JJ-AJ J (*-*J (/“^* C?*" 

J • f „ ' 

. 1 j>- Ja?^ .U.^a.4 j X^\j Jj£ 

4 _i djjl>«-lU ^l**j*Ml jU t Lfl>- jj^Jl 4 jC-Ip ll 

Sial* iSy t Jo}i\ Jp £>-y ^ Iji Jail ij^ t V 1 ^ • ly-^ly js"^ 

U; ..: o^-lj ^ La* Xi. U a - . i l ^L~*-Nl J*£ cS-Ul ^ijjl y> l-i^j t -L>-^ £jl—a 
JLL) . ^Lpi^l 4-^j IfU JS' <ijj OlT L^* t S^>-lj Xja4- <j Jt>ji\ Jl J*ay yl*-^ 
ly, £j> Li ^ Sy Uai—7 l$Sy OljT S-^P XU-yd U-iJ -1 « 1 » Jp jPrf yJJU- jl 

(•J** 1 

lAjI c L*lC L>«yw» Jy)l UlP (iy^J ^S" 1 g 1 <■)- jyl XJ*>U illiP c ^l^JI 

Aj*)l j^js]\ ^ja** Jp -^“l J^--L J*j*j Xjy«JiiJ ^ frljil X*yUL* 

liL^I (Jy* 1 JOcsaII ^L~j*-I jjy <U«<waJl Jliill <_jSIj*«JI (jyi l^Jly ( _J- 1 y. Jl>- 

C PPP# 

jl jj^ jliill JJii-l c£j* JUjJa>- fclJLL-J f L^fl d-L^j ^ Ijl>. 4jLa>- ^L,^Ml c^-JIS^ lil L*l_c 

* ^j»»wpw ^JL1 «aJ^ c 1^*3 ^ ~^ 1 

Ijl>- IjJw? (JjaaU IJla jir LaUL^I ^ill frLJi»\l *,iJljj 

4 J I.U.^a.4 JiC (^iJI \ Joj ' t-...Jl j Lj^I^ ULi aJ jl Ml 

* < "* . 

,> . .»■ -4 -1 Ijl— ~* ^yS 1 ! ^?^/l ^Ja— - f-L^M LL*I lili . 4 j.^9^/1 djSJI Jaj 5—jLi>-1 

Ja>- (J jl^j»o ^ .^ 4 ~' jl £^ 1^1 iiL-pil jJ&yj l L*\s (jvj'jz* 

jocs^ii ^ jir Ha ■j-^' ji ^i 4 ^ 4^/1 ^ j* 

t. * * 

4S ^ ^ 4^p|^^ ^JA Ij^li jyXj*#i 4jli 4 \ M Jl^?\j 

i»^p ftb‘1 Ji . gjA ^JJJ Jai iup* j fL^-t X«J,I £-iy (a) Y J^lJl Ji£ 

Jp Oy*iy 1 0>~»4-' . ‘iU LjIj U' ^Vl JaiJI Jp Otay*yll OL—4-1 ojLb -i«- , ^H 

jUl ^L-^-Vl Jp JiiJ JyVl XJUJ JM ^ -U-<ai! i_^il LiS" jljpLi JjiLsJl Jaili 

«y J*^ ‘uX>jVl jSjj (►—4-1 c« iiLil £* L~^p l? W! «-rj' 

1 >* lla»U I*—4-1 ia^pi t (JyUUI |**«4-1 Jp l,^* J-SI Ji*Jl j^-4-l Jp Jliill c__>JL4-l 

^ <\ 



£pil t jJyLiJl Jaii\ JaiCj ^oiSlI Ja^\ j*ali kiiJi Sa>»-£jj . ^a-JI |»—4-1 

) C/it* J* 5 4 Cj* l«JS"" L.a»I hi.'a:^ LJjiLi JjUai L:.«.*» 

.(b)rjSLiJ! 

A-i I—A>- j* yJJi tbJI <j a1x£ ji-\ Aayu* d)l «A* -loyali *Jjf- J l-l^Aj 

(^li-)l ^aj lij L-.J —< JjaaII I jji JJaj • aIIa^II (J^aaa L-Jl^-j 

jliMl aJLfcj . jLsa^ll ^L-at-V jUsiVl J'A»- ^ dJiij t(J»jJaiM t^S ) 

-*-^ -*il ^ * ^dal JL/^"!) * t£j* i-JliiJI 

. jyJSil (jliiJI < _JJiJ—t JaAj Olla^l 

(j t aju-. j* t ._^l If; j O-1j A-~—J A-iljfrVl <Ulii)l (J^SJI d)j jy*l (_jjJ5j Jli 

jj4"lj Ail Ji>- Oj^vj iUAjj . ^AjiA-l ^liiJI Jj*J-l Jifj aaUa» jj£~\j Jil ijj* Ol uy 

j ^>- J»jiJ! *L)1 j «j»Nl l^-i»-l i i jjj*- oU«A — t jjiAJI ( jy»--J-l 0|. ^ 

• jC 4 



X- 




y* JLvaiil lll 0^iU> (J <L^ay (^Jl!I JaJ-I 

fL^-l i_--Sy ^ t «tol <J->Jt£ Ij - " t <L>juLI «^JtJ 

oU^JI (jU ^>-^j IJLaj ^ I Ia J La4j Lc ipS* jJr oJL* d^&j bi) Vbr 

• t 
(J,j .«11 Sj^sj V <u» 1-»S -* ^jjl ^„aall t^y)y*~ (j* 'W» t*- jO*j d)l j-J(£ «v.inll 

# c •* c * 

*pl4,^1 jj 0^>- il)l I j<. ;Q C ^J^lLmsaII 


Ji gjA* V 01 (b) . l,^- *Jf -iti-Jj £/• ^-jj, OL--^ i^jl (*) . T j£-& 

^w^li iLf J^z U kiJJi^ t j&\ 4 £j~*> J aJ L^ <1 mAj JLil iyL JyM j^l <—* jh ^LJI *a^-| $} . <jy»> 

• > J^AH j £j* U5 ap^w jLjU-I 0L-—*jU UI . (^U)l 



(b) 





£ # ^ 

(1)1 J! jjkOjjl '-a£*j . (Jj2i\ ti-i-A>- j/* (Jwait dUi} c £j*> j( c L-Oife a_^> 
. f. L^ai l i^JUA ^P l_^Jaj A^OJ 1^1 —<J A-^O-kl jjP <—ilis^- V -Ai ilUill 


3_....:' l Sj^iai Ol t A>U ik^ i Vjt t iSUo . jtSi S^^UJl #1» (J^**^ <^1 

j.LOai 3^& jp L*jL*» ajjIO» ‘ OlSkjll ^ «jJJ ^ JaaIL ^ry t £j*j^5 Ol^ii 0& -ky 
(J LoloJ .Ai} ( . «yi> (\^at ^p i V jl c i£j&i -A* «^oAl Ol^*j)l 0^) . aJIJj ,Jau~* 
f \.'*i\\ 3jl£il 3j*)\i!l il*Nl <Jj c a |i .~. : 1 1 i«j!)\il Aj.Lk^ll A-clkl A~yjll 

. T J^OJl £-klj >* If t ^»-A l £*k**Jl liJJi jP Ajikie i-i.Akl -Ac-ly 

^Jp c ^A A^.3r,..U J »j}a£-\ ^IjL L«j . “>lJU Ajjlyu J»^k>- j*—-) o 3^Jl ^k-* 

OUlki k^l . 1 -Aa ^ Oik^* *kj . Jjk)l k}k>*^ t ^.»k«ll lAyl}^ t »_^JI 

c «k^kkl ^ d^JLill IJiA} . ^1».1.1' ‘ t» aji ,Xip OkkLo i 4 » p < xj ( £.l}ju*^/l .k>. ^jA 

^pk- ^ 3y- Ak^kJl jLiP-Vl ^kbs^-l ok i.i «.*• aOmj ^ppII ^k*kl ^P t (JOl^kJ(l ^1 

l$ <0"***j 1 AA^oJd a-*> A k i Ol Ua ^*Ofjjl (j)^ijl} . y ...» 1 jiP (_^k^ 

Aj^kl ^JL «.LpNl iJik jj-^’H Ol £*} . (^O —A^>-1_J_J AjlSk ilujl <j^j j lyij; ^ jlojl 

« « < 

. ^ 4jI ^l * ti 


uxi!p (^^>«0^-» okP O' OU > u>> ■ r 

Jjji )t iJJ; (olJLi 0 Olk 1 AA i-A* Ol . JU^JI iJ^JI Ol^ly OlijU* («•'^' 

. Juk>' J»ji-« tU? l jj* e -4-l *-ri»^® (il 



YY 


i ejJSJ A»l (JLalit £♦ “**UI a>.,.—•.!! (j ij^Jaj D| 

<_£jiii Aav»L>- i 4 j^lJ 1 eJla» J c j&ii')! \-fij£: ^jaaL-J! . t}^-*j3! (J rAar-jpI jl ab^l 

" > e ' ^ 

O^L*} J (geodesic ^jpj^t JajLl ^^4 —jj) «olib-t» jtTVl jLit tLlLj Jj tJJUJ 
* * > 

a3L^j 0^ ^J-Aj A^^pi 1 S^^Jl Oj, 4-31*5^ L/i^ (^5^ * c^*^* 

Uli? aji jjUibi Sijai ^ U . ^«JaJI —U l f ^>- W ^p jjJ-i Jp 

^ C ® ^JLSiil S^i & S^Lp tJ ^ 

*-A—>-!) Ja>- ^p jy*** I-Xa ^ j^U^I 0LSC*jJl 

o^JI ^>-a»la ^cJIju aJULiJU . ^ jj£s,\ 6 w>L(fc..>Aii. ..■».* )) 

0 0 e t 

JJli4 ^JJl-o tj-Jajl 0t jLs>^h ^L^-l Jf* <j 

^*>*+*} c i 'jA (^} (ott p\ju* ^p ^j*w*-*Jt«i! iJLaj jo\J 1 • ^l^iill 

a^mJcj* -XjJ> ^ £*^Jj£i ^j^Ji <_£jil ,J_> (3j , 4_*Li j^sjC t Lp| ^LnjJl 

. f'-./»a'l 

o0y*& ~ <A ^* £•c)! ajU-j J «.L^t OjSOl ^mj 0? 3Jl£C»J OLi ^ oj 

<! jj^vj jl jl ^L-oVl 'i/ Oj^j d)l -b S» U a — ■:■« cljiiJI j\S" ISI* . jlLJl tip 

tS$^ Cr" * 0,»Jl ,_)•£ b iJ^ill i*ji-\ ^P i j -« .-i' iJU) j) . illiJI J«ii »jbaM . i 

^JLI jji I^jup ^ I^a -L^ • ® Lj^I^ 

.jljJI ^ ^cJi <ei» Jra» 



f.** ,OJl la* Woj (jU- ^*, i-aai oUftOl j iju Jk; ^11 v>yi a *!^-i (*) 

(r^) -«i-u 




JSliJI ^ ilUji Lb>*i» *L*iJI Ofe” lil L»' . L ^y y» ij^*- 

kOL* 4 j£i 4^lli iiyjl jj£j ol jj^C • y^-t oli ii)j «-OaJ Ol 

~i-> - li 4 jljcl Aj^Aj j j |t .- > • IfO k a_^JI jt jSAJ ) • ( 0 (J^-0 ) O’jb"' ^ 3 '* _}l 

* * > 

>Liy (ji*-* lS}^~ ^Ja-J jUj^I ot-«j Ol Cr^-3 (• y^i 3^ 

* £ < , 

L*^>- iikc jl -GIA ^4 j^o Uy k^rj)yy jlUJt lii j& lili . hypersphere 

l^SCk ^Jl . Olil>- jl t- Ljai l ! Oj^j 01 Oj.s (_r^J 1 

c - * 

• iSy ^-^y* ^ 4 jjjliJl aj^ jl-** C-^li 43 jaLI d-i-A ^LjajaJl 


A-aj^Jl ibjkJt .t — > 

. OL*^ OlS^il 5 j j_y«il Ljl£»l _/>«-* (_^i 4... - -JI ijjiaj Ol 

(_^P 4 Aa-l^JI 4 IJb^ji A-^'-'-J-l yy al_)j J} £-iu V"l 

IJLj- Lili JiT r 53l A>; c,—Jj . jl lt_*v3> 4 £^*il jl^*j!K^ 4 ^li> 

. C * c 

. olil ^Lls> 4joLiJ! jl^3^(l I—jiol c.-ijajJ t' 

M.Planck { ^S'\a ^ jH\ ^j^>- ^ ^ p ljii>-^ ajJ&S\ oIju 

jLipI . doljy^i £jJl ^ ^y*^ 4 Jj -^9 J^Li Jp Ji-b ^-Js^JI ^L-iVl Ol 

cjOail 01 j j^AaJl ^jVl £> ^b>wJ*yi a_^iJI a-Lfcj . a^OiJI |«v—or k l» y*&. ‘ OjJjjJI 

^ a C ^iaaLill I-La ^>- . dJdry y* u-iJLj 4**_ Ja^^Jl j 

I—iLs-I ^ Lr^? frjOaJl Ol li y- ; *’ <■ I duality ij^dLI 

jM - ’ S—^ k^l 4 «-W»; j <*Jll SJj^iaJl 4 __-^ 4 (_^l LiLa-I 

• ^ ^Lm 01 <j ^wb»»Sj Ol « Lr...j V !• j. * lr . ^-L>tT.^U 


4 

j L^-j j U Sy^UaJI «JLa N.Bohr jyt ^ L> ci -i il 

jJJi cij • ^ jl>- £iJ i aJo-lj 4 a. i A- complem€jntary 

4 J < -~ > \^ m y A t ^jA 4 I ^>0 

jl cioLjlSOl d-XA jU> ^p i^,a Jbs^^ ULi j^T^iJLI jli I » 4 ij^^»ll 

* !# 

• ** ; •»■ ; ••• 4 ~' ^V^l ^OLa* (_j l^jc» ^W’ji 


(|«->Tji') l-»-U (_ 


‘ ^*b * a ^y* H yi* ‘ »-b>-jj i,jP (^1 (#) 



<—4 j j _ s »-jJl >- -)a* ^Aj 4 4 iyiili Ol 

4 4 -»Jaidl iif-jili . tJk-jSf- IaAjA^ ^-j^C SjAJI ^ jyK" (_^l s\jj ^ii! 

AjA£ '_.«.^all J*£ frUoiJI j UilAul 4 :>A>£ momentum ^liAil 4A>li 4 *>L* 

j^iaj Ol J L: 4 OjJji jl t Jjl^ 4 <-£H 5 !" J' 4 Ua J lilj . i*Aj 

* 

(jwcil ^Jp LwaP ^oi «tpliAjl Oli (}l£* 4 (.jjaiii ^ j —>«A <LlLi. ) 4 jw»^* 

4^0^11 ^>-1 L—vLi* ^-liAiVl ^jujci L_-Ui 01 Iaa ^Jpj . j^jaII 

jyl^Jl jj*Li (0^ j^l^ 0L»uVl 01' 5 A>-I^ 4 *LkP (_j ( juj'i/i Oli*^ ,j^-Ll JJP J* U^ 
(_£ Aj (^LOs JaLU 4 t Ay+£l\ aJUjM J»Li-i 01 OjLJi . Jb>-lj Ol (j 4 pliAjlj ^*y+£i\ 

^jo>jU *b ^j^AJ jo~*~* Iaa» ^jJ At i 4 »jl;« i < tfl l a aa^ £ ^ 

. uncertainty principle w>LJji|l lA«» jj W.Heisenberg 

olyliji 4 Lg^Li 4 4^1" Jf <^1; J y'* 'aI! Iaa 'jf iLji» iiL»j 

4 ^Ijjl j aJl~o* IgA^" i s 5 Lj i A!l jjiUllj . ^iJI «a^ ^aJI W*s* ® 4 _aUj # 

<~>L>p 6 A\ j 4 *>li* t L>.j lili . Jorj^l 0 « i ^* p ‘i u^^°* J*’ 4 £^AiNtj 

f . * # 

Ol V ^jx^dp ^IjljLI jL i-L> 0^ c ^p -y j 

4 2._ U' I J L)L0*M < jis' t Oii «ilill »Afri . h J li Oli*>L oli Lj — A ot ^ Ji 
^yj»y> 5 -jLOall OL ( LjIj J^ - • X 6 , 63 ) lA^- Jj-AvaJl lfA»-*j 

. 4A>UjiaJ4l JT (Jp J-Jaij i 'A-il y* 4 l^^j 4 \jP*9 l^ji l-»j o!;AJI <4^1^ ij ^\ 

J*. 4^1=* ( jL-J>) ijSUl Vr^tr* • V* ^ «V 1 / ****^ ^Aw 11 ' <*15 ■ * 

.La _ji_j—i' (j^') vt-jW 


{j *jJlj E iillajl l_4* c 4.1«. p (J t jl-LUl l)1j>-V! jljf-jjJlj 

j L jL-jaju ^LjjVl Lui jlJubj . h JEJt ^IJbM JjL Ol V -Lj_lpj . t 

4 ^ ^ 4 

ol^ 4l-L>- 1^*^ ^UjgV) j <—-bui ^ ^j9^Ll j 
t Jl^'l SJlP (j 4 i 4*UaJl <j V L^I ^P ^j-^jJl <j c-AjJill ji* *’ 

£-liJJ*>U c tjj>- j* ■/»« f.Ljl J ( L» *uJ l-b>- ijykvaJI iJlSokt J^al^iJl J_JT j L J^liJl 

< < < i, . < , , . < < « I 

1 .« : ;W LpljjJlj LjUs L«JLw Sj^JslJI ( jl*j lj>jbj . I-L>- 1. »J IJLpL jl iiUaJI^ 

'fl (^Ljjiii Jjjj ^)l 4d)a:ll (^jlS"" Lkl^ 4jl (iJjj . Jl^4j JL^ Js^li (J^ 

jd?o i_ . ..il IJlAj . S^-S^ dJJJU i^^il (j-U-liVl jf iiUaJI CjS"” 

t ajlll 4-^ _* J-fcpl J 4*^ 4jl jl l iJLii Jp i} . 4^>W» 4.^...^f ul^«/• J| iiJjJl 

JJ 4^l>- 4 jLp 4jfjJ . olilJaJl j»Japl <_, 1,V»tT t oliUJll yu41 J^ 

. 4 JUJI oliUaJl (j 4jJaJI aJLfc Jlt«l oLw> 

Cyy^‘ U?\jr* J‘* 4 ~ 4 4 — CaL*^Iailli 4 i^jIjLj}! ^jA 4*j<l^ ^ ^ S* 1 v - i j 

<—-£j t kiaUjjS^J'VIS^ oL»——>- Jl»- <j ( (1)L..^-L o^*Jii! (JjJj>-1 jJj ) 4^-j iSLil 

Schrodinger ^jyjjU <_£JjI Jp lJu» f Jij . 4 uy -b-L>- U>l-bl 

t 4 j^Lj jJl Jl-bl 4_-*; (iJUi jljP J^j • j/^1 'W-i iS 

j Ijj L* iJlfcj t 4jLi>- 4jjlij 4 ^J g^£]l (Jj4^“1 | J ^" 

.oL^AiJl 


iJj^ 4 Lj^iail ^ U. A g.J .,^11 4Pp-. ^4 4^JOlS 4j^ jll 4^*1 4 ^ .^ 4 "! j| 

j ^ ^UrU |jjk ^ Jij . 4^lil-l 4-...:ll 4j^laJ 4^>«—»i4 i_4^SJI l^iUtf»jl jl (-— 

Jl 2 ^..-:H 4sLl*4 CjjU ^JJl P.Dirac *ll i^j <£-l> Jp 4 ^ ^ X ^ ^ t (^' liLl^w* 

( ^ g <TU Jij.g' ^ J^Ll-l ^JU; Ujlp 4 . antimatter 5 jUa4 5jU ii^L^ iij~> 

ilUi . 4^,-J C. «» .. ✓ > lii 4 L;j»lj) *£~>\c* J^J-1 ‘ 

4 OxS^U \~*y»£ 4jj..~j J-4^- «1-4 (j^? 4 4 j^iU 4jj9\j) oll ^ » . J S 4jj)aii\ 1 

J?” d)U ^«jLI . 4_iLi)l ijlnjl (_jJ- 1 Jju 4 jJ—*U j(_ 5 ^“^ 

4t^Ui . “ j\ .lUr. s>y (1)1 4 _*j£ 4 AJLj-ill ^pl^]ail J 4^1*4! 4jjJi* frl-4 J ^: ,jl (3 ^ C->^l^l 

. ^1^-4» 4^^ljjl 4^4.. ( I I 


n 



ibjdj! t) J i ® ^ 


d—«J . olill iijyJ.1 4j)jJI OjJ j»Ip l)I 

iJjSCjl AjciVl j LgiLi^S’l f Jui oL^Vl UI . J-iJ-l .iAJj ^ z\j\ ii^ tSy» 


* * ^ ^ 
. I-Ij*- 4 Jii 1 ^fu 4 t w P 1 .**i 1./3 j ^4 4.^,♦..*■ 1 1 ^*--.^* ji 

t <Li4p! i-Jliil ^y> JLA} (J 4 (ii^jii)} Ijb»- 4jiii 4 [yi* Ali»- »Lt^.li t l^is” 



ijw j—J?! j il i iiiUai* Jj>-I} ^«u.» (Ji jljiVl jl 

CjLw» lj SjLjail Sjlil rj> L.>...«,>- 1-bJJ jl lillj (Jp J} . *^* jJ'-lj 

^ iiliil SJLJI <js t Jjj&yi jU* 1I j <wJ-U . ik£jl i+J *L^L 4 k»£s*A lyJ: 


. jj^Jj^JI j*—«>I j ^—*Jj** 4 4i}l~~* ‘ 4 ^"> 4 i***»*' jj 4 j*-^ 


ii»i_ijlj iLPil Lj^l £jA jSJJ 4 SjLj-iJI ^^UaiM AC-y^yS olwi-l jUi 
4 iijyiil (jPJ 4 -LJljj^PJl 4.;>wJl 4 4 !^- Jlyj U 4 *-. . ■■■“ 'j • 

| * C 

AaL^M OL*-~~4"l * jj^I^Wl ^|p i]^ 4~>L*I 3^>-J £jA 4. 1a ««W Ljlfc^l 

* 

. 1^0 l*>3 4 la.. 4 j1 


* * 

01 jl . J-*»Vl spin l ( ;l;.< j Ji*i L*U i-^L .1 Sj** AjjUI oL*~>JLlj 
jl> ^Jp oL^Ldl ^ j jl ^>» 1 jJ 1 jl^jjJl ^y» ^y oli o-Ujlp ol^. : .^>- 

^ U» Aw 'b/ 4 *Ay+£' 4.fc>^l^- ^11 1 >I . y£- ^_J y*~ jj JU ^ ■->■ 

ij^UJl 4^l^jJI aS^J-I ^p 4*^L.I ^p JliU f.lSap'Vj . j^p 

^yy^- (Sj jjJI ^li-liVli . ^ jAi-liVl 4-*JI iJL**4 l 

t-5 ^*! . y *Z***A i yA 4**JI 4j! jj>~ Ij C)\ 4-lS\P 

jjp ) vOUu^l L » »J L^JS -i^-lj 4 JJW-» jl ^1 c ( Ajl&AIa ^ A^AytS* 

* * I Vi 

4^3 y* L* LJlpj 4 4IjIj ^-A h d,. ■< > - 4 - - . l^ r .%.3 3-X>-^ ^ 4j 

2 2 n " ” ' 

. JtjjjJI j_yt ^ ^UajNI -U* ^..^«11 ^liAi'i/l tlJjr j»j 1 </jl))l fj«JI ji yS>M fj*JI l~i<l Lf ^~t (*) 
(r^>') 


YV 



. A L_j 4^. jl : A A. t^iJI -—4-' (j* Jji* — C-jllll jt-Lili £'z 

2 2 2n 2n 

4 C 1 I «*l O A*“*A^ ^ J jjji^l'yl <^i 4^* 

2 ‘ 2 

. iiA<kj 


^ * 

<^UI ^wJ“U 4.»»«* juAI Jbf ^>1 j£* aILla^ 

(^jJJI Jj^ ^-J-l <j^5 . <3***^l 4>wy 4 °360 <lj\j> jj-b jl wiiy 4 Zyu *jj£ Jp- fljjJI 

^^aJLa»- Oli J-ajaS’" 5JU- °360 -A*j -l»vj Jj t tliJi J*ij\ A 4 :.;.m (_^_Ul 

2 

^>■1 jvjCjj . °360 _j ij-LJl asJI»- Jl . SjiJUi 4«*» L» 

# 1 
(£}L~J ^JCUmJ 4 JjiJajl 4l)l>- 4 - 4« y * <^JUI 5j>}P 0} * Jpj 

2 —— 

^ jl • Lf Ubip ^ _ 4 u%% 4 ^*ill ^v****^*! |^.hi »*A i cpkiiuj L* 

2 

* 

LJ jXj Li . 0 )\ji » L jail t ^ ^P AjjJa* 4>*—J 4 ( j^- 4 o\y (^JUl frl ja a l l 0} 

. jJl ia* (j\Up j<^-Al l*i* ®lji ‘ °360 _> «jij-ij »Uj L*^* JS" t ^lUil jr* u^t^* 

4....-I I, 4r ^J| a^juN al& JiAoj /l_-L- 1 iiLat tUaiJI S-.ua ol fcj-szy 

m 4 ***** / V -A. X> i m Hyi! 

2 “ r ' ‘ 

'W»fU»>- j*—; j Ijji LojI <u^ SiiaJl S^jjJI jl jJJi j* psi* 

lh" » » * » 

( — — j^*) !_&? “ *■ ' I OlO-J Lj^-Jj UUP LyL— l mi ,. 4j^aJ| . '-'l4—.-4~'* • 4-JljJ^iJI 

2 2it 

• *Ol-X>-^]l jJJ-» Jj 4 ^-XP ly O — ^ijl *■— 1 I«■ «««. S j 1 L.li J^jU t /3"" 

Uj^>-j OlJ^-Ajiilj . fermions olj ^i — i SJlill UI t bosons oliJj^l - - ^ 

ilUd-L J iyh (^-illj Pauli JjL JJ ^jj__J.I exclusion tUaVI loi 

• A^ 1 ^ ^ (j^ • »-A>-l} aJU> 

oU—«S!- ^Xi . I jijiS^ U^> Jl jl ailil *L J oLiJI 01 

LjaJ . jj^^JVl LpjO t«oU-i4-l» 4 leptons ObjsJ JjNl 1 _j:.,^ ll 

^jj oUjilj . jji/£M jr* 206 ^ muon <u^-, ‘A* (C-^ 

4 j|_^JNl ^ i_$yf -1 4>iJ ifi*j . Obj^l Jl 4 jcJlfj_^4 jjjaP J 4 

* * * # 

. lo^- jli LjaJ ykj ‘ ol.II J 4 * 10^1 Ojl>- oij ‘ jjlS^ JJL‘I 4 tauon jjjlsll IfH 

TA 



* 

jS* <oty^ ^ ^Jp ^ aj*^j Jl>-jj Ai^ill otyJlH AiL^VL^ 

J ^Lo oUy/Jl o 1 * y :y Jf jl . neutrions oUyyJt y» 

iJp} c <^^11 yjyJI ^i aJ^i)! oLiy-l!l y* Jj>-\j aS^Jo 

<31 c oyoi (JtSj . ( Jju cJu!us^j |1 £yJi l*iAj) (^Ul yjyJI 4 ~Lai*j L* 

5jyu^? ^jyf^j^jl aJuS^ 0->l^ yiijj . <y./ali A£y*J jwJ aJlI^JI AjCJP <OlAyjyiil 

^I>- wb*-l . OlAjljjlJI J^f ^LUjN Ayrj Aj^Jsl) LjL-l <Jy V Ljl ^lj 4 JL-S^IiUj lA>- 

. ja.yjjj t$l^T ^Jl 


* 1 

^JpLL 3y oli lyI j t oLij^y ai^JI oljyJJI oAa 01 

2 

. IfO L**> d-LJ^j ^jpLtx> olyjl o U ***> ySJ . A^yJl O^pIa^H J I L_--—o 

L^i ^f^loil A^yJi O'»-^>‘*^~l y^ <oly«£>P 3 JlP LOjI 

«^-*o 4 OL»yM> y> A—jjyj! O^LpUJI yp ^_>iJJ L*j 4 A^<yJ) 0>L»~wvv^-i 

. hadrons 


.j jjy^TVl y J-ajI 4 4 OyjJli $ olyJJI y L*y Jjifl oLjjJiAb 

* * 1 *' £ 

LjpLfr Lc^l A^j^^yiil o*ljj)j<AAi O-^lapI -lij . LJIp <olyy*y o , ljjj-iil ^j-A^b • <y* 1836 

4 mesons oUjj*» olijj-UI ^*' • * 0 *>UiJ'» ‘ baryons oU^jlJl 

OjJt oLjj-ll ^i»-l} . — U^ JT Ow JUjjjL» O^jj^Jlj Oj^l • * oUa»*jAl t 
^ 2 

1^‘LrL aj^jAa 1 ^ ♦ .1? « 4 oU^.lAI jt5*^ ^ cJj-t^"( l3”J ■ £ 3 “^* ^pion 

— * 

_\ «jijiil jjiit_) ^ysj^ iSy* j** '*■* o* 

. oUjiJ ^jjl 4 «_i>-l CjUjjJl* UI . ( \ « 

^ 4 (i^lil k~j CjLJ ) <o^ '--'^jL)^ S^S"" d)| 

JjIjI L_JU JjC yi 4 ol^sJJI <i^4) 1 ^-U^Ij #-l}^l oli ^1—^*1 

j* 1 c- y.^A oljjJiil j' i£i Zweig ^liijj Geli-Mann jU_J-p ^_/»! o L- .. :.J l 

. |j^- {.^Jl SoLj^ ijrjl^l MjjkJIj . quarks oKjIjT yw»l oLi> 

d)l c..i. i 4» « ^1^1 4^t c <-Z-»U^i-LSiS^ 4 oKjlj>JI} 

2 jl*■■. 4 up iijlp : OlJaL. ^ <Sil JylU iJsL»! «.Lc*'! ol^iC:!^ . flavours ol^J 

bottom Ljj* 4 (truth SJJuo jl) top A^i 4charm ijyoU 4Strange 4 down 
. oljjjA 4 — 4 ^jL-o 4 oU^lilS^ 4 oKjIy^J! . (beauty aJLj^ jl) 



iUiLiJl juu : ^ 


r^ 1 

y* 

a^i 



s * aJi 

Uj-i 

n + i r 

139.57 

+ 1-1 

0 

2.6 xl0' 8 


«P 

134.96 

0 

0 

0.8 x 10‘ 16 

0jj<r 

K + K" 

493.67 

+ 1-1 

0 

1.2x10^ 


K°K° 

497.67 

0 

0 

0.9xl0‘ 10 

y 

T1 

548.6 

0 

0 

2.5 x 10' 19 


PP 

938.28 

+1-1 

1 

2 

>10 39 

Oj^; 

nn 

939.57 

0 

1 

2 

898 

u 

AA 

1115.60 

0 

1 

7 

2.6x1 O’ 10 


I+I+ 

1189.36 

+1-1 

1 

2 

0.8 x 10- 10 

Uu» 

jpip 

1192.46 

0 

t 

2 

5.8 x 10- 20 


rx- 

1197.34 

-1 +1 

1 

2 

1.5xl0- 20 


-0-0 

1314.9 

0 

1 

2 

2.9 x 10‘ 10 


£- 2- 

1321.3 

-1 +1 

1 

7 


Uw*^l 

ii-n- 

1672.5 

-1 +1 

1 

2 

0.8 x 10’ 10 


y)\ . • (^y °jl^1 ^) '-* L * : U ^ JI •■^ 

. jLili ^—4"' J»*- **y 


jl*i| jJp l^lJb-1 tjj&j <■ a&kj^i ^ • Jj> '" J 

c Xjj\y> 0j& 0! OL- Jp (►&' S-^yj • ^ 

t ( antiparallel ^jl^sll «jljai* j! parallel J15 j ) IjiJ L-» o-iljai* j' «lyM' tj 4 -“-*~* 

. CjU^UI ^ tiilj t JL j! i- 4U-» L**^ (<s ia«*s* — Irsr- ‘ lJ ' S 3!^ p-’** 

v 2 2 2 
^ j-.^»- t t Ojjj^JU . oCj£,Ui »“ A ^' oI$£j i_— 

r. 


















Jlp'j j* 4jtr% ‘ ( uud ) -^4 4>4*3 Lj£)£ 

.(SSS) <*if- £j€}£ *?# ja ^y-a* Q (t»—4*4 c(ddu) <£4 p 
JU-(y !^AA1 Jj-LP} . L*> iU<a> .144^3 4>!^ (►*^i OKjl^JI <^>-l ^dA 9 <r?J 

lifcj . Lijjjd »1)1 »^l 41 jl 0 L^L—^ O j» . ^»U ijj*** <l)y^d »1)4 j*-^)l ‘■LJ-jL^— 

oljjjjUM iS^~ i&~ <J ‘ Cj^j\^ iSy llj . olijj-il jJp J-^- 

(*&> i Ojiill 41^" . L^»p oUjjjUI i.jwM oijjjJkl t iS>\Sjij£* 

Jyii> ^X> fj* ipy^ail oLyjjlt J*£ Lf c (j*J ^.4^ ij* J*^- 

• 4*4-4' cj oK34^' a* J^- J* 4 ' J '-‘ a4 4)4^3 

Ol «Aj 4 A$^J AP^Ls<a.4 C*j^ li 

# * o 4 t 

• (4*1!Lfr" ***'->' (^r 4 4^1) 4—‘L-Ml S-A^JI ^ — ji — ; ( jv : .».> a it ^ Ul^S' 

3 3 

$ )) ^-A-d i, ? a ‘A 1 5 ^i3\ ^44^" »1)1 L 5" ^J^jdll IJ4A ^jA 4 j j- —4d>* —JIj 

4jj* 71-><->- \jJ»Ai^ . ULjp ^j^jC M 0*1544^)' (1)1 4-— 6») ^^«1 lil 

^ OUjjJlil ^cJa^ ‘—’Mjl^- JS" (OSi^-l Jij . OUjjJjU i y*^s 4—jJp JJaJ Ijil jJp 

Lil 4 (aJU!I ijAA Jl jiaJl) oKjU^Ji ,j\j a^iii Aiyu \jf c • >—4.i»JI j»jr-^Jlj IfilSjl^ 

. L-J5^ 4^«Jk lgj>-b^- 

^p 4*ii* iJjl c S3j_j»*<» <L»^i ^P |41) 4Jli^L}94*)) <l)t £*} 

. 4^yJI £j* 5«^ » * >■■■* 4i^l ^ P^4 4^4U^j*Xikl ^ < h ., f» 

^ ^ 4 *&}•/>j* Sft-S* 4 j*^j "^"J f -5 ^-^ oVjjj^JVl 4 -La jt«-j ■) i_4.VC JLs* 
4iUa)l oli jJI s-ij^ (4 ^JU*^ ^ oUIaJI I Jj«4»»- J^? 1 - ^jA oUij 4 4 ^)jj j<>-~4«- 

. 1*4—’ (_jj 4-)LnJI 

£s\j&a>- Olj^JLI^ OISj4^)I l)I 4-OjA) »1)^* »T4 4 ^lan* d)[j IJla 

. Silil JT Ifi* C.'. »: . ^> ^1 4-—l—Ml OL--4-I l^l J^l 4 A^J Jf' Cj\jy~~ . A c j^pl (J ^LjMI 

• V^ 4 £jA AP^isA* dJlA (J| JJ+0J 1 *-k» -, Vi »/1^ 

• J^ 4^)jJ ji-S" oU^iiJl) tOlSjl^)) <^a-Ap d)L ill ^w . 0 4 jj4)iJ**)l ji* »1)1 (0144 

(J*^= ^ ‘ * < 31411 4j*)C (jp jr 4 c. — 11 4-5> 34^)1 «ol^ji ^ 4»L<»Mij) 
^■jiaj 4 j Jj«aJl» 4 -—i—t 014^4 ois34^ji oL jj-iJi ( . jZ^- ijii is)^\ ^Sii 

. ^Jl Jl^jLMl iJL-— 



1 I yr'f. 1 <-U I 4jL ji i ^•l|la;.» j i 'i/ d)l i—*??; Lj-»L^I ^l^Jl ^S" 

4.]aii oL»~~5r- oU^JLilj oKjI^Jl j t; c ii^ia a-L* c 4 pLaJI OjJy Jl IJLij . ^>-ta 

t « * 

4j^lj 0^l>- 4»^Jaj jS^Liw» lili* jl t jLi-Jl iJUb ^ 4 Li^J . Lillf 4jl>-l^ 4*J O L j\P 

« « i 

oli 0 9 oLj-il dj-A jl *)1jAaa j-L^ i aJut 0 9 3^# 

0 

. ^U» l* 4-^ 

£jjSfl dijSM . 1—1 

£^jl dji-5^* A-L^Oj ^p- t 4-^Jl 3L^“1 t (jjljlal* 4 w.j Jali jl jJ-j L 
(^111 oAa . ia4» Ia^AP i£jp iS^^\ ^[1 j^l 4JLiL>- t 

t # 

iilalllj . t£Jb (_^ c *r?*t~* ^j* 9 ^ C. : ti> ijji Jjl C-jK” Jiij t SjlaiJ! ^A Lpj-i 
4JL£" iJLiill . t.l.^.^1 jji ol^..—4~' JS"" (ju I^Jjo ( J*aJ i_^l ( iULi <L11 p SjJ Iajl>-j 

«.Liu-lj c ^aj ( L$jyL* 4l£" dol.i)l US' aji di[ SJUiJU i AiLi JIS” U^> 

* 

. L«j.i 4-o l£- ( 4Ls^j 

« « 

dalil—* ^Jp L^Jjo ( Jj» J »j jl ^.)a:.-) l^*i/ c ((J jjb D dali a^i iJLSill jl JlL 

Uaib' c Sil—il c l^-Li ^ ki-Ui >——*j . LaJI} ^_j>JI c£jdl <j 4—_j—^ 

P P 

d^Jli . Ia^Lp^I <^jJ aaLJII £* 4^^Li« ^a>LiJ 3jL<JI jj-aJUj — 1 ..<-.1 1 t : ja> 

. oja ^10 AilyL L-^-i aJL^I S^jSJI ^a cj*jwal t t ^y$j*d 

. j * * t 

Jp . aj^JLII dji j ^Sjj 1^J5^j aILa^I jl j»LjV *_ -—11 

Aj^Jai 4j 1 j IA jl^* {j* 4w :; lall (j 4 -^LaiVI iSj^^ ^ S^^l^ t Jl>- 

* VT ^I^aJI oJUb JL>-^i 


JtjJ jlT . JaLI jP t LflS^ cJu-^y c3 L*Ia &Ijj*aJ 1 j[ 

< < t * 

jtv—(J S^iL> yyi j> 1! (JliiJ! jJaaJI il)! ( jwy' js^ 13 . ‘ L$^ c « *Ij«j ^jp D l^L iJLaiJI 

J-4»- —»ji ^J-a»- jtv—a?- JS^ d )\ (S_P 4ijjJ-l pIjJjaJI iiL-Al t3j* Ijili j>-\ 

i (_|a^-I IJLa j djsrj pljaf- 4 -Z 3 ^ ‘■^s* v 1 '". 

(J,J 4>l—il 5JU1JI q*\Jm ^a>Uj L£j*i) • ^4 _jA -UajaJl ^JjLi-l 2J-- 4_vLi< oyt 

. 4*«^ jjp jLcoi/l (_5jJ L«#yJj j^a^-I fJjLjaS 


r r 



ojjb -Jl AZjJjtij aJIa*)! ^yy*? **t j ^**i ^J«X*w*1 \ *\ ^ ® 

l^yiAA Aj| {^1 4 aJL^- 1 jl jl£*jJl j*~^i <■)! t Y* — \ S^AaJI ^ 4 Ujlj AjJ^isLi)l 

* 

. d» 0 ^i )1 (_^jiii aJLosJI Jjw ju»o d l . ajL^ a^ > h*La 4a**1? ^jA 

^L-l C.Ji»- ^jl i~*>skr^' ‘ hj^ ‘ J^' 4-i 

LsiBj ^_y*y. <_j,L**JI (j t A...^,.J a Jillj iJL i C—Aii . <£^sk 

O^iJI J <..~. J i a;«l lj Oy *5“^' “^* lAPIj** 

«yu? <j iJJtP . «I^J Faraday <^1,1» JUpI JO»i< ^ £-^' 

^ ^Jp Jjl uJJJb Uas*i i SJb-lj « A y >.l* ‘♦J/is'J cj Ol**’*^ O.L»*j 

. in-fJaJl t£ji JL>-jJ SjjJii 

Oli l^lT C—J oLJ-l j£J . o\*£jl y» JiLI ^ ol 

j iJUiJ^ -uoj V^ ‘ «y c—J ‘ 4 ^' L -**^ ‘ «y 51 * • *^‘ 

-tyW Oj-iUJ l iJUlll iyU^ < OUOa£ t 4 , . . iJL^Jl t (jUjill —Lal-b Jp» 

4 Or^y ~*y^3 0 /^^ * a!U*II Ijlj*- jy^*i ^-^l t !■>^ l o^aII ol 

j l^«-«- otyUi» U^JjjuU iJl^isJI ob>«-lJ! t uJLy 

' j ^»»; Jjju ^jj i l^JLi (J JOjj Lc 4,,m\»j^^i\ (jyill Ol C^l t 4 ■ i ^ .-. ^ l ^L«^fl 

^-»1^11 ^^£ll c£-^ (J «iL—J4 4 Sjill ^j-» <_5j^-T illiiil CJ^ < w-~~J l IJjIj . l_Ja«j 

* 4j ■ j ^ i ^ i^ ljLi j 

^JuCj^I 1^»|JU tlN SU-I (j 0li^?-^l 0li~»L<»^fl OlySJl UI 

f « 

OU^jJl JfljtjJ a}jj 'y~*A c OJbAJtJl 4 Ui {^^ 0 ^^* Jjl • 

. 1 \j!a **” 10 4-Jj t 'jA ajL.^ Juu L-li ^y^ki} S^a]I o-Iaj . oljJJl (_^y Ljc* obj^iJl^ 

LaJL>-j oUj^xJ 1 ^ O - 1 ^ A-JLaijl 4 ^P l^l>- Ij^jt La^jc Ulx* 

. I,, oUjsill . Ifir 


J[ * # 

4. I 1 - ■ oUjjJjll OM c IJj>- -0U* oIjjjJjII |jy SyJI 

o^Zjl o-1a^ . ^pUijt olfJI^Jl Oy y^l Olj t ^ ^ 4 j^ 

iyJl 01 ^ -Lbl ic Jl I-i-Aj . ly^ 41 I SjiJI 4 4 Oj 

4j*>\j jjL-li 4 jjv^iCf- ^ ^Jl J1 o^ill O4 SJjJLiJ! 

4» # # 1 # 

JL^yi ^ {J* ^-LjJ . d-l>K«*iJl aL ■ _ -1 \^~l iJL/fcj . 


rr 



a«_l!l | I Aj*jC La Jl>-^j oLa^lJl jy JpLLlIJ 

* 4 * 

4 ^l^a>- 4 t iJsL^Vl i_jLa 3VI 4l.,Jafrl 4 8 OljJNl | j^<l; iijyiit 4 £jLil aJlAj . «JbJLiJl 

- < « ( 
OUjlJJlj (j aujycti iL^L-Vl <_£yiJl ^>-1 UI 

ojJtjl . aJUiII ^4 jy^i -^1 4 lJuw»! 5jul^ 4 L**^ 

4«iU jl 4 j^U- S^SS^ {j* J ^ <J L^JL>-Jj J^(>- ^ a-Lh-aJI 

i 

JpUmIII **T^/**^ 4 ^Jl^AlJl j\ <*» d^jJl dJU i > ** ‘ w j l'* JLa) . 3^» U* 

O^lJl (J^- JflLiuJl I-XA . AaUJI AjjJJ l (J^lll ^Aju 4j-Lj ^pU-£*Vl 

(Jl^ ^jAi £ <^l^^]l jjA^> 4 AA^Jfc^aJl O^aJI U^Aj ^lll 4 4 -UjJI dJlA^ . -/*-* 

+ t 0 

jj-AJ ^0 dj^li 4 4,4 «jaJl d^tJt^ , i£j^0 4)!>^ L^l O ^ a»*»!! A^j\j^ -X^-l 4 ^L* 4 Oj^Iill 

4 Jj > «* 01 Oj_^^1^0 olj^JJt UL- ^i» . l^j lfT cjU^JJIj oISjl^^Jl <$£j 

. li5Uj 

aJlAlj IJLA 4 ( L«>1» 4,11 altll iiLOa^/lj ) 4 4 , 4 1 jail ijili Vj oba^j^JI £0a£ V 

(J-i 4—-■ 1 y>^>j J 4,^. j » uji- 1 S*lP ^]aij 01 ^j l a: .. , 01 <—ijyty • J^-l-Lil ij l-l*- 

j-UaJ ^11 Sejail Olpli-LiVl ^ OlAj^i ^Ljo^ot ( j^jC *iUi £•} . >_A4^J jt 

li* Ol^ ^ S-is-lj JS' ^ . Ojll JJ ji^Vl ^jill ^ ^*J1 Jf- U’ ^11 iOjjU’ 

. supernova jjJU y»:,.-* i_jy*j Lk>i Jl ijie 4«.j>» JS' j*^- y> x4 ii 0^11 
•> < * . 

^•U ^ b^>l ^ wii^ , Ijla ^fl^UfiAjl a«ap jl^*4 AmaIII o^a3I 

. L>m-^l^ OKj \ ^AV f U 4 ^ (Lu Ljy 5^*-^ 5^ 

jj . 4-UJ 5lly |*-s>JI 4^..I Si ^^>-LU 4^L^I ^ - >^ .«. 1 1 Ij-j 

A^4k*»«jJl d^li! 4 cl^U^J \jij^ I*i^ frUI 

■_ j ■■-' JlSj SJLiy jybJl «^-l»'- -~ _8 4->»_i )) 1^1 _ol ft,..4-l aJj4 01 4^-jjJ iljla 

jtS^ (Jj . t^jail jliJl ^ *j>-ajZa 4.1. 19 tiJUJb SjJj^ 4 »1 .. r-aal l ^1 ^^)lj^l j*->«Jl <—aO^- 

6 I 

jup j^S-lll jpllll ^ill«Jl 1 *j.*' *yij r ' 4JLL . 1^1 .t. t*C~ 1 ^ 4 1 juaJI (3 ^ ^Li49^/l 

• >^ , l f 'l-“ j » «4 » :i 4)_y (J^* 4 /^^ 

OlT Jjl 4^1)1 sJl* 4 l-»->jajl L*-LJ»4 . 4*ll> 4^J^1 Ji-^* 4 4, 4, /al l S^lJl (jf-^* 

yt ‘ 7 -10 4j1j» Lal-t* 0 ! £jJl »—ij[y*ll 4 4 ,Jaai 4_i 4 a,» . jai l CjO^-lisll 01 O^Jail 





_\ Joj \) ji^JI Jju&j; £j^5t 5jjjJI Oji ol«...^4-l i!jJ-> ji liAl! 

aKaij . ijjiiJI «AA £4 JJ 0! 4 O i! 4 v £: IjjAJI jjJ 4^1*1! i—iL^yl . ( t 

L^j a*a* OL SJjISJI wij^j < ■•A >3 (►&! (j O^J aj '^! 

jjP jjl jt^:j S^.-.U)^" ■~-<l;t j) U.|^/U , oUjyi 'L ^Jl i—jyuj c 1 —*y.*S" tA—PA Al ka li-» 
33 4j| £ L»yJ L^ljS' 0 ^>^l!! . 4* !a Ai 4«,«* (^aIa e L as)! 

. (^aL^m-m^*! tLJL 1^44 «A (3 

* * 4 
^ t oLjj_^ jl iA_i!S”" t oLjjAA! JI t ®_\ Sjli!! ^ ‘ 

* * * / * 

3 4**^LN! Qj!». 1 . /3±\ AaI j^i!^ , o^jSo! il)lj 

<il 3 oUjS«D{j JS” ^ »_ii^ d^yiJI ,^£3 . LflS” OaJ CjLj-a^ l w J? ) a! l 

# » . , * i 

4 l_4j4 4IP^A^ $ 4A^A*4 ( IAjA^- O^S»**!! ) 4*L5n[ . A>-lpl 3^ ! '"i 4. '^ I. - i . ^.L-t 

. «j*JaJ! 4Pf>A 

. <L—3> jj£J\ ijii! J*» i-iiL-* (^aJ jLip'ilt -LpJj jl 4_-?i CjL^a!! a_^»-j d>| 

3 *^“! Oj 3 ! • if-LJJ! 5)j4^!l lS^ if «-L^^JL ^jp^a ^ .o^ —> ■ 1 3^-3 
U’" 4 4 JL 3 ? 4 »^ ayL^ ajli 4 objlii IaAap 4 B ^w«4-l 3 3*^ ^ 

4 jlfci*5fl j! 4 scattering jUJl ^-L aijyJLl 4 i-LJl «I* c Ul‘ 3 j . 3*iJl A 3 B 3*1, 

. 1—Aaj! iiUaJl ^ byj 4^V»AjMl <ja I la.-* l)!*..,4-I JaLa 

jl L«^3 <^l 4 d lsyS iillaJlj ^A»ajVU 1^3®«!! 3 L*! 

3 43 * 44 !! !Ap 3^9 * ( ) 4a!sla14 ^ 3 ^* L) ! .** 4 *» ^ »l 3 , 4 I 

SillaJlj ^liAjM! ^4 ^ * : .»4 3?-* ^ VaJ . *^iJ! La l at \ »^<iJ Ol VJSA» 
3$ : i*» ! ! , l|A^ALa 4 J 9 L3pll4Ji ^-jA^ ^ .4.. Ja ^^!i 343t jtS’ j 4 4g« 3 l 

IA-a 4_,^^4 iiyy6\ jJj* »13^ *3/« t?! U^i^J • £ y*** *)L~a Uli* Aa-1j 0^3 J®Li V 

!jAJ . ! ( -.« ;♦ <_jLjj^^ ^ *^r J il **J. (j'* ‘j* LljJL*t 4.^1. jjjfii\ jlA^pli i <_jLJ y}\ 

. «»l ! *«* iL ! ijv 4,j. a^al! 3 ^ jLd jA 3 ^ J^a)! 3*4u oA-a jl**l! 

4 ^1 1 coupling LaI^4! i aJ iiyk) 

• J p ^' 4 jwut^tl IJ^- 



* * C * t f # c 

4 LiLi u-A^-s^^ **Lo.p ... a*j^ jl olj^i aj^j ^ 1 ^**>Ij • -^lj j^i J^Lj -'i j / 4 ^-t>- 
l^p-Lu- ^l» 4 Feynman j^jli C->Ua)a£ V J-J 

4 Jl oUaJa^l dJL* 1^4 &JL«ju*»U Aj^JaJ! 4 j\^jli 

OLUjJI Ul^-J 4 aJL-^jjJI jlii^l OliL-O- . t _ \ bjAji\ (3 

^3^3 6 ^J^n— lo 4_>*_>-lj 4j^]ajJl d-i-A jl ^P 4 6 JlA ^P 5A^.I*.U A**-^Js^5s31 

t 

. Ijjf- S-Ljf- 4J-b 4-j^wJl OL»La!I £/• j-Ai £ljbj 

(_ 5 jiJl »-XA Oji J^vi . AjuJaS\ «‘U- jJ aJ' tsj* JT Jjlb d ' 4 ^1 

«-» t j^yii ji> Jp 4 jL-y ^ sJUiJi ju Jj. } -^b -"-v* ^ J* ^ 

oUyjl j& jl/JU . 2 «^L* «*- ^50 ils£)l f.J* djjji Ui i graviton i)j~»'> 

j»ji U-Jjs»-} ,jS\J • fjjM LS* > ’ <J A>Jj jl *j)iyiA* <1)1 <■>; « ■ / > <iy»-^ o U ~~4~lj 

jyjiil <-&■ «r'W 4 «-U* 9 -^j*} • dl—'Lf j» ,_)*•_) ji* ^ (J^ 

. iJUiJlj I c£-*-* Oiy '■l?“s*b*^b 

jUil *ii iJ*»# L*U**!l t ijJdiJ' tk}A j ‘ v-r-i Os^V U*&j£ 0i~>^ 0« J jL ^' ^ n tfi* 

. uRfr— j C)U>bi jy^-4-l (£>1— J*^ 



rn 



\j 0 yjL> 'bf jl c j>~ I ^La jj3 Jyy&\j lycH 

jl ^i*j IJlaj ! j-'byjlyil Ipi Lc t oL«__~4-l '-Lr^ oliyylyjl jl 1 jy~ ,J t <Jpx_ii.l 

oLL»-*j Lj^i L-j ^^pIazj jl L^lj ; aJLoiIIj ycJU I^aJI 

4j^Jijl jl J-^-> ‘ **-<l l^__J ^jl ■ i ■ ll &JLA • A il ^ 4>^—i^ll 

Jiy Ljajy j' ijyyl/Jl oLLj«JI ji i _ f Jir t d nonlinear «Ik^N » 

jjJ c t ^*Js>l4i jl ijyjjiJ' ^ji-l jl ^,- 0 .. jJ t *v~—Js>t A—JaL>-l AjyaJli . ^.juij 
SjjjwiJI j»-ia*-* j «w-r—Jl aJL ojJJ <uia>-*A)l An-jaJl ^>>J • tp* JiLi* w-'ljiaj»! jjjl O.X^ jl 

. ( \ T _' 0 yLjjl jjijl ) sjiil a-li 

iijjjv» «oL>wJt j ^ ^lyj! aj^j £» A ; ,.., ; b^f^Jl <uiJ sJb-LiJI 5^S]I jl U^i 

« * # , 111 

• <3*^ J* j* *jl«£ ^y* Aj N -LJLilJ! Ijjb . jl^JNl 

1 * 

(^jL-j oli 1 gluons jjbj-UlI ^_ib LJl^-j iijyiil^ 4 s-La iJu JLjJt iy&\ ( JjL>- 
c oLj^iiJl jj (^1 i l(X-j I «..» jyja'yi *u0\j£. j^_i>ly«Jl il^.: .-> Ij^J . jyjjjJIS"" t 1 
jJ-_»Ljjj>j^JI c l^* aJ. .«.:_U ij^laJI jl jJJi . d jl^Jl )) oli t oKjI^JS" 

oUjIj* JjLJ Jyii* 1^1 ^«Lj ^ i_— i- jl t ^ji (1 j» «..«, » »■ ju yljl iy OJ . V 



rv 




jju ijijli IJLk . \ .'aA a*]a>> N t ^*y+^S\ ^ ^^ 

Jj«i; i-y-UJI SjiJl j£3 t iiL-il ._j umj' i^yiJl (Jw 01 OJJi . Sil—lb SjjU- j^c- 

l^J t (t — A Syii!l yi!l ‘ y oli Uii! JjUII ) vir*^ l?-U! (J ‘ ‘ i j-£ji}\ 

ifyJiJt Sj-aJl jjy AjLIj J&rjj AyljJI «U* . ^j&u ^ L *a*j oK^t^jl JL tcJ L«jUp JcuU 

oKjOJJ- iS"" yii' jtf li|j , JLlJLj jl Jj V 9^aJ! i)!^* . U>Uii! yj^iU 

. A-jjj-iUi y au) cLi U a 

AV U,_^*, i!^Aj oU^M^- t Aj^ij ajLjwi!! syJ! 0! J^oO I-La 

jap yjb^" ot <J (ir^Vl Jj-.tyil JS” ^ 11 l$iSj • ^ j AV — j 

i)l>- j 90 j W aJL>- (J iJjJjy aJ^S" 80 &Ia)) jJaaJU !ja»- ipS" lifl^S"" Ol • i<y*A*A 

Jf ^ jjjjiJ! a~£j ^ • *'’;* '*" AjaJ! (_5Jki ^Ul j -+aiil (J _jA t-iAj . (Z 

^—>4"! y“ W- J! 4 LOUy^S" OiyAi-lv» W . a1x^!I t a^>-j3l 

frLjj <j oU><-iJl Sa>-j SJj^Ul 10j_y^]V! ii>w< L*^-* . W - * - J ^Liail 

jJU)! j^UsJl j >LsM . A 

IUa iJUai £jl>- £*J aa-LSia oL0»Lj ^c-J.'..-T yiUl ^jO»ji S-S-4-! 01 

^ J-*U j&J ■ ■^i)-^' w c—.~J a^aUa 

.• i \UU< t i^iji Ijf * 1^5» b-A ,J*Ia 3 y ij^S ( J»ji»i-I) OUyjtyiJI ii)J* 10*^ * 01 If . A 

. L* i>* ‘ 



r a 


■H, ^ dJill 4 ^pll : ak-.-J' v-JLi! JlSLiVl 

4j U ^Uyl ( (Jl_ji) ^bill jK* U; . JedS C.aIi Lj ai\^a^-. ^P 

* ' *■ y' * 

«Ip C-Jwaj kiJjl 4^1 . I^k" JlxJ»i/l «Ju» 

AA . rftai JL>- jl l$J> JS~ <£j • 4Jp ^ 0! iSj (vti!i kpp-) 4«J 3 a : 1' 

, « * * 
dJU* o| kJjA» 4-^UL| i im }*^ J *** ^ 

JT (j k JIjn-jj -k>N • 4*Jaixll jjlkl j^oL-l^uNl ftljJ ( )£"" ) SJt*Lp ^aJ 

^*XP 4 kl.l t ll (JU- Aj^j 4 (Jk" tj ) 4^1p 

. (UjUail p jJ** 4^) «/UJI JU- ^ 4^V^ 

j-kJ Jpj 4*>k« 4 klilll» . ^feldl j» ijyA LpI^I JlSw.V! «JL» J jui jl j£c 
. °360 jl °240 jl °120 4 ^jL*J 4^1/ 4 4 -» Jap^JI iki Jp- 4 (J jb 131 4_^i» ^^p 
°270j! °180jl °90 : £pVl Ll^jJI 4 ^Jp-L «)Sp J_p- a/j-tf 4 —ij ^Jp jjaj 

kJ»l*J>^ 4 kl.LJ. 1 4 °120 kJUisI ^ oU^p ft l)i JUW jSLiJl jl iUup jL5y i °360 J, 
^p *lbl ^l^jjl ^IsLsJli . UjSp Jp" Ol^p 4^1 frl)^ 5-L*Ua» a/UJI UI . £>pU o 90 

t * v 

4_^l al^l IjuL? J^uJl j-JJ j*£**a j& Lj 4^L»p 3j5IjJI l)I^j*U . j *~.~ a ' Cs^y 

4 iil^p ol^l»Ljjl 4 oUl^ji frljl kJl-t*Ud U**>l^-ij vi-iill UI - jS^I Jp* 

. 4«ldaT« 

V-Jl (^1) ^ ipf 131 p t' Jk J^l 0-* lF 4 o!>Ul ^ j-iU . 4 j£ft 

. 4*Ja«dl .~j l-.iy. i l JL*-V 







Jfr S y *UU >Udl U» JS Lp J£JI ^ ,U:.J ^ ^Jbr >LiUj 

4 t * 

l iyljJl* . i yljJl ijj ^i-\ ji t (Jj lf (^jll Ol ij £/^ «-aJjjLIj • £|A^ jJ»U 

UULs»- lij l^i ^Jjjl jJoluil <-~ij£- i O U" oli jjP ^|JaJ t i —~bji* ^1 

Olf" UiO»l UI t t MS"" ^ t liili <Ul> bw>j lij jl t MJi 

. Lf f ,, l olJaU U SJLLiJI oL-JI oli J*jU 01 U^lL» iulp SApli Jl£ IJiUj . a-bJb>- 

aJ Mi . o L.—II if-UJl frLi'Vl ,ju ^ja Li^Jaj ^-ili’I ^UJ—I f l.> jl l jg' Uj 

. OK" aU^I (^1 j (t aU»«_* 9 <^l) « aU5y«-» lil ya |f <ol . «Ijjji UI Ijj ^ |j| 
£i >w * l-i* ) . £- 0 »ljl.l Jf <Jj oUL^Nl JS^ j A~»ij jP tUajill 01) 4AP jjydl ,^X U IJu&j 

( • o U .. -4 -l frLijji ^ Uy.i L^-U* dj£j Ijjkj t iJUilL tU^Nl CjJyuLt Llpl£ IjJ Uj« 

lil j£\ 01 olIa^-Mil . gjl ^,11 ^l^ajVl ij juUs t liJUi JSy t f \./ia\ \j 

i j A. i -^A oLU«~Jl^ oUIjjj ftljj SoUtf t oliL-dl t^l ‘ i~»JLiil f I ■>*!' i*j 01 Ui 

. J *~~A i£ I OU'I^AJ^/l ftljlj 

* 

«•Ua» ^ i AjaJ- AjI* . jJaUj t OL-JI ^JLmJI ^Vil—I ^iUjI I-XP 1y^jjl 01 

-UUtf yajJl 01 l-i*j -iSj^ aJsJ- AjI <J i_i-U^*^ t aJ JL>- 

4^*>^LLl (^1 c a^jJl t| 3 i ^ -L>-^ . A-i ^ «.[ 3 ! 

. dL^I (Jl^- 4 <3 ^ 4 ^“ ^ 

oL*~»4‘l} • ^jlallj t L^li LJL>- 

i 

(Up ij (Ja>o" Jl>- jllp ij 'o**s »^I oljiiUHi . J»U-4 ‘tr^J ^ 

jr C...~.i t M-i* t .tll i^Jaill ^ai . A—Ol^liU aJ U) t Ja-OJ 

li| dly Up Ijj^- c-aIi^- - - --li dl^L j^* :> ij^~3 ®ly U 01 ^-^I^JI * Aiil^i* oUL^Nl 

i i>U jjp jj-dl ^UJI ^ olil^Nl J*^- ia^-lp UL-I ilUb . ^pS'Uil «l^^L li^jai 

. ^ jijo^ I 4 UU 

. frUiaiJl L» 4,a] ? :* ^ JjL?^ tJ 4 js-^l ^ 

0^ ^ 4y« ^ . »js il oJ^jtail ^ 4 j ^ ^wm^I IAa 

jolj li ^j - 4 JlajI 4 ij* ♦ ■» 

4 LmAmL* ^' -*- ^ iSy^ 4jI J^a>- jUl o|^ 4 

t £ m t £ 

UldP LjI ^jajZAj t)l b-lp 4 Jyt* al^-l j 45^i-L dL >0 j^aj (1)1 

La ; . 4, atH aJLa 4jl JlS^Ll 5^i 4 j 1 L*i . ai 

i • 



( jp t Jatu 4 _aJL£ 'i «lOaiJ! C-jfi- lili , oLl^.-iVl *lj| JsLu »l.jaill j L IjiLLpt 

<w..~Jl L» 4 tiJJi (Jjij f ^p ^J»l^ll .Aa- 1 liL»ii 4 ,J&*>. 

? ®l^l ^P aIJ <^ JOj aI^I jLn^lj ^wm^* 1 4^Lil 

jjJb Ol ^ ^ijsS V 01 <—*£ Cr*^* • olitjjjJl (Jp ilUlf «u^l^ 01 

t ipLJI t_jjL- • aI^Ij O^jjJl ( J -' , ‘i <1 *jfz <^:iJ!U i^ t l>- ^li OjJ 4,-^ij ^U- »t»o 
jjui <u*uj (jp j^-4-t ot;ji j_^ oi oJJi (jp ^ ? «u£Ni iiii { j&S' j oi^j-ui (jp i 
. 1*15" 4*i oIaL£N! J*£ olil^jdl z\j[ »L«a<il ^Ua . f 1 -«»aII J l_^l>- LaI^I 

. <b‘li J.UL" ^P jJ-Aj 0l 01 IjLa ^Jpj 

(ju cLjjj 4ij«P <L^a ^JjSJ Olj l w ^|a»T 01 ^jSsj; oUi>-^lit aJj» 0} 

j-Luli . Jjjlil ^LjJI 1 4^>- 4 <L~».uAl »LjaiJl oIJaLj 

t-Ljajtll jlaba . ^jljJI ^UjjVl^ ^liJLjVt JsLi^-l i^_yli J^l"i *ij^-l J i-flilsll 

^JsLsJI ol o&*" 4 ,? 4 ol^j-ajW-Jl». (J ^liJjVl Ojjli (J1 i^W 4 *> r j[>%~S)l\ ^l)| 

iiUaJi i»li#il 01 Jp OUftJl S-jl^*l OJJi (Jp a} . ^UjliVI JaU^I (Jp (Jl^oJl 

|*Al Ol t-4^Aj . ^ IaI^k ^Jp Ja»0J Aji ,,/3t\ V ) k—jLtO'il ^j^jjl ^_3»-U 

aLaaH 0l ^Aj 4 <j y»;-..L j£-j UljJl *JUA^-\ ^-jp 4^lj f.\jjJii\ j Ljiyu ^l J»li^ ,Vl 0>*l^* 
. ^<<j;iaJl |lUJl ^vIslJ (J jisUill »jSaa jjj L* . ole - ^jajJIj (JliM 

OIajJIj Ol^ll oljliLJ LJl 4, « ..JaJl /'f" Ja . j>-\ ^Ia Jl^» OVlj 

4 jJp LjI .. oljiiUl ^:’ , - LiL *■■ - .UJj \y*~fsj> ijjiki 01 ■ <^JuAI 

^0*1)1 0l OjU.SiToj OjOLj-aII Oli • ^ll**ll 4J lisOlji O - ^"^ vlJLOSj 

OjC 0l 4 j^JaJlj 4 Jj N il . i«»<-UAl Ol_^ldi ^jl U;»;~ 01 ^ ( 44 ;*Oall^ SJUJLOJl ) 

AjjJ Iaj c^j-ll jilp (J 4^(}ll ^liJjVlj ^liJUVlj 4jUxl! J»Lt^.| (jylji 01 jiJasM 

* 

^july 0 l>*i*l ouSj ? AoJaisU *,-->-uil OlJ 9 UI . /»<1 Oil oi^ll o> J sj 

^ g • * 

LilOl 01 ^fP/^l t SJbJI ilLJkL ^>0»^ll IJL» JjLJ j cija)! 4^0»>1 jJiUii ?l^Lij aLj-aJ' 

4 ) diy* Jai—I iijyc* 4. j H y Jg Sy^UaJ LJui Jy*p 

, * * * # — 
jjp L i O 4 4Pi> Oj-Up Ja»-^L ( aJjI (Jj 4 O 4 ® 1 r!)^ k ^ I A \* ‘ ■ -1 *jl 4 _^*,l 

l5*^1 4 (J^j Ja 4 vlJJi ^♦ P Sljil (j iSji J 1 * 4^1 ^ ojL« 

? tLj-iJl 4 jyl^il ii;l»- tOjjl^»- <j\ 4 1—jjiillj ( JLi3l ,j^P 

n 



jy*** • ( \ • J^-i) U- jJ-ti jy° J* t)t c , l a... o JlikS" t 

* * * * * * 

. 4j^Ja ^Jp Ua>- J> jl c 1_*»l>- LaUM iJL^ ( U jl) jljjJLi! 

( « handedness l^jju » U^i JU>) Jl SiJ lI J Sjl^uJI S^JI liJUbli lili 

LlI^J . 1^-iCpj 4 pLaJI c-^jIaP <^>- (jy ( ^ ^J.,A>- ^i ^> -/*\ 

*• t . ~ * *. * * 

c_~~- l^I dUci Ljli dl^il^ Ii|j . jLto L^p 1.0 4^jV 


5^*31 t c.—j^*^l L > 4 lil liii p»i X^ . 4Pots£ 

Jl <3r^* o 4 ^ ‘ lir'N Ji s-y^l <y uji |^am« ^>*a!i cW L>w?ij t Sji^jJi 


<^> ijj jlUI ipLJl *w»jlxe- <p- j ij£)l 0[ — ^ • JSkA 

tiljLi <^u>- jui.,,; ^1 \*\ 4^j tiiu. yi^-i iiu- c..-J ^liii iiU-i #JUj .#1,11 j i*LJi <_^Up 

JLs^l j[. t\j~* A>- ( Jf- jU&f oUj* t U^jxl^ 4 Ltf^j. JL^-l {j!* <J )i* *• * 'y 

• #b5i d S^SCU Jb^-l Ji jiT* l *.L> w^LaIIi lij L^t #j>L£J <^Jjl ^lyU 



jlU- 3 4 O^ly 3*^ 3**^ ^ u^t** 

£ ^>-1 ^jp L^^or l^L-jj j^£ (( oijli)) -X>-^i’ \ AjjAJI 0 j.> oU-j*J*l ^llp 

. 4jjli? 0>1 JLakJ w3jLa> )l 

f * . X i 

3W-JI p-LiJI Jj 4 ^ISmJi ^li»Lj ^La>| J Ljaji _Ua ojij-UI 5^>Jl Jlt* 31 

C ^ ^ * Jl 

jl N IaJl>-j jj^ail . jljjjjl *-$*" (j Lj^iil l ~/at\ i_jjiiiL ^^»^»11 

e * 

^1-JlS"" lij iJ^inlt ^j* i-L>-lj Ojj-Lj _V ^1 i—jjiilL OK"" Ii[ 

. £ * c ^ < - 

3 i—A-^SsJ 3^ 4 43^jlil o 33 3 t Jl ^jA 3l L-Jajl . olc - c3 j> jj> a^Jl 

4 4j jlA ^>“ji jl 4 jL^NL -i>- \ £- J J OUsuaJ l—Py.A> 4-~3j 3y^i L*-XlP 

c .*~' ‘>—- , ^ywaJl ^11 p 3 ^ . ajIp^ ^4 ^3jjj ^li 

t t 

4 L* Cj>\>j£- 4-~A/ (J^aII . (C*o ii 3jjJ^) ^ji** - *^ 4^j>- 

, ^jl*> 'V y&|^Jajl g*xa (^1 .3-^ cy^taji __ ^^La^5*" 

3 LU-lJu 31 J 4 JaA» Ju-UPj 4 3c* olw> oAP oUaLtJ L*JjP L*l 

dJ-JLJl 31 3' 3^ c y±j^5 3jjjy 31 4 4 . L* 

l)j^ixSIj 3yjy ^ Li*ly> tloJ t l-x>- J\^>-Vl ~u*j IjLa> Aj-lp y c (J c-^IaIL )) 3j ^1 
4 # 

Jp ypNi ^lwd 4 3 4 cJ^ - • ^Ia» 4 yjyjj 

, l-X>- 

4ji ^lj 4 ( ^ j5LiJ\ ^iaj! ) 4^-Jjil 3 O^J l> £—oLi'I oLy? 3 3^3JI jj 

^L^jiJl 3 3^ J^* jiaUij . oIj j£ 3 *3»a^ ji 

<i3- . 3l^-C ^jA lyl ^jyS Jij 4 Jaallj <La IA 4^^>-1 oi J&\jj 

L^ylj Ojy^JVl l'.<a.^j -Xa* . cy^LLN ^JaAiii j\?\jsi\ 4]^^.**» 

Owj c LjiVL>- i c)jy3jJ^ i>w» j^iu Jl L* 4|3 LjIj^i o l %-* ^> - 

4 iSj>^ tjfij* }& ^'-^1 ^ t k f*i '-W* ‘ J ol Uj . 

. L^ajl lJ m\£ju\ sijj SX»L^» t\i}s&\ Oy'y £*jii il>l dJJAy 

** . « j 

|Ju»- <la -—j oL-jSyi; o^xil t sLjjiJi »-■ y' 1>U -^ji 

,ja ati 4 ^jLJl*-P &\j\ 0 *Xa\*^ O^ **?*£ t -X>-1 

J^/l : P) C j T j P S_i ji-\ jj*Jh *—•>4JL«^nJ\ *Jlaj . <u>«-iJl 

J» JjVl ^i>! :T (Juijl >LJ( : UI^Jj t^JLf J\ tParity iUT ^ 

tr 



01 j&r ti* t \ c Charge iUT JjV( o»>l : C . t Time iJT 

t jt CPT 4jJij ^b Oj)_^. AjJiJl ajjy . ( j> t j i ^ _> »-L* ^yS^j'bll oUuJ j>y 

^!l ^l^laJl “^b^l <J ^#W> ^iS O l:.. M 4 j-1 <j 

j jta c jL$Oj>l j\.:_...<? jlJlo^J JLjJLP . LL*-jaJl djjJl JjuL Olijj-L^ ijJi£Laj ^Jp- 

^11jI«Jl 1 OjiU ot? JyL 1 **^ ^- * C.N. Yang ^Jlo T.D.Lee 

<• J*"* j L*i>- iljl*AJ jl Jj-LLju viJJi Jb3 . 44. «.Jali ijil\ 

t. CC 

</...*> 0^>-l juJLP . 4jij*JaJl i^ill j l^»w> i^>«0b 01 JL>-I Jb ^Jp Jaj ^jai^ ji 

(_j «L_*l^j4J^ll 4j-L! flT 4j^ t C.S Wu JJ _tjv..-) t 4_^J^J 

. S^iJl <_a..» ...aJl JpliJt <_£yf 

OKj i 60 Sljj ^ b-j O!<...-■->- jjJLv» ab^l < j4>*ju f jO>*\zj JOK"" 

<_4Jl^l\ b b P , ^ ^ •- d< . ^P 4 (j ^ i ~ . 1 .,<11 ^j«...' 4 j ■ ..'.'b (^*AJ 

4 OjjjjJl Jjts t ^ J' ; . —" *^ry Ob ^v5UflLH<ai/i £. i ^ \ j 

44-') SpUI 4_^j1_AP l)J^^ 4^^- djjjJb JJP- ^ ^ ^ - LL dl^h 

. £»S< ^jp Jbdj dl^b j-L^aj J)i OL,<al <l)i jj elo J_>-j Jjj . ^ 

J-b l/ c<^j£jv> SJLoWl oj> jl ^y 5l^l\ j fl^UaJl 6-U JL>“ CJj Jaj bij 

|JLi ^Jp Coj^s li| iiJDl « <jj-b D jj£isU <1)1 

« — t L p 

i)_^saJ' 01 ^bj-iil OJJ J j 4. — i t »lj-* j iOLiJl (41 t - J ^ lJ J ^0«'-^ ^ 4iUi-<l jf - 

jjp iljbfcll 0' ‘j* ; -* Jjj 5 !*""" ®-' Jb 01 . iL 3 '-* w * 'f** #Jj®LU b» 0l_j a -*!^** 4'^A' 

. j 4 ]aa>w» 

O^A' 0J^«4 ‘ 44 .«.jail o'^pUJI j 4 >Ip ic - iijlJk! iibi^t ^jp 0' Cm 

0' (^JLi . It-lp y^\ OU^ c jHri) ( e_ ) ^jLr^l Jl ‘ (M~ ®j>j) 

jjUaJl I iS^>- OjA' Oi?* - ®W^' 0h*^ Ot^ 4 ®r^4* AJLiS' V j>*A4 

*iJbf Jp Vtli 5JT 14 r >'i) v'i-^ »Vj«" uso^* (/•*< • 0 I 4 ' *bii)l j» U; I^t (*) 

(r 4 ^ 1 ) 

.,-1 »1 tfol 4 4 »>:< i-OT _jt t i'fifJttfri)! «_l.pt tfoJ ^L«J 4_JT Jp L» UUUw Oi) .veetor — ^..W *■ *) 

((tp-^l) . J^l L,il^ «iilij. Oir^Vr" 

it 



4-—JI Jf ^ fi ^e- jj^n j' jj_y£i^Jl jl ^s-j t i y~j Jij . dJiv-iJl I-L* jf- 

ol^b 4^-uaj I y\} OjJj J_Lj </ 4-$d^ j^* &l Jl J-Jiaj ^ t Jj-U ^jwJ 

• ‘^dJ //* jp^' t' ^b^Jl 

jw Jl iSf** _d^ d di ^ ^ d A-l-fcP b-Cj JtiJ 

jS*/x^ Jl jtii^ o^yfl)l d Jj^kIVI Jl (£^■ *^P di Q. Jati Jib J^JJ 

JiJ j j*J ol_d^ * c—^Lap oUl ^*%^p 4,.. >« .. fl .) *JL>- lyi* ^*»Lo <^dJ 

t 

J^la^jl ^\-**jj| ^ K y>~ dL^lj ^ 4.»«» A i i ^ i 1 ^4 jlj^J 4^JJ- ) ■ - I I ol^l ^J AJ^aJ' 

j^*4 ili^o jl L$Up <J kj<Jt^; ^Jl c ojLjiil Cj'■».. — 4 -1 U*>Uai! ^J-i^Jl Ijys^l Ijl Lu^J 

jl <^l t <L»j£aa «L-jy^ill jl i 4 iLjstA (e + ) jjyjy, ^1 (fi "*" ) *-~>-y* 

«, I-L» jt jJJi jJp ij . 'i T ( J^LiJI ^y> <L;Ijil «jj-asJI iSy ^ 

4jw. I l l t oOjh jj , ^^j-£*"Ia 1I oL^Nl (j ® 4 -j^jL»N| )) ^jA 4^jjJI ^ *A> ^P 4jl ^1 

tlj| »X*Utf jj-ll tiJ^Jtj !^l jyljill jl . i-lljail iilllj ajlil ^IsLJl 

fi (^^1 a^L^aJI ^ ^ C ^ a.^am^JI i»l^ ^ P ) ^ aJjL*J»I **-»^\ji>1 [ ^jCjX*j*Jl 4aj+,^3a 

ot Co** C-lyiJl ily jP »PUa!I l^t O Uf.y 01 tj* Wu JJ Aljt O-Jky Ju(l . Aiiltit iil^l . ^ | J&£ 

• VtA' j i/}^" j45ll ^S3 . il^JI jjw »lyt ^J^f- ^ «AniA 
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Oli t<jy -li (r' d' ) P iJijL*il OK ^jil ; Jji l-i* ^"3 • (t *"*" di 

. L*jIS L«—Li Iy LJ JijJ L* ( CP ) ^ ^ 4^w*it 


oJU« j K' «Lt.o.jall (jTjiJI oLL>~e- (j ( L^isla^-I ^_U- ) ilJUlI iJl^il 0| 

Oli t (DNA ) 4 ^J-j ^Jl K&Ip Ol o* j*PjJLi • c-yL^I 

LS*^' Ji^ d LS*’" 1 Ol <oj . jy£*i JaJ^\ frljj-ill Oy[>* d 

jjc Lf jtS'L- oy*!l (0^ jK-—M j i^jjJaJI 0' 4fe -lij . Oy^i) jl—JI uy jjf c 5Ji*il 
^-Li» (J OtjJaiM 0' ^jly • J^“ tlv^* d dHjd <0^ d^*^ 

<uO»ldl »— , Jd®l**ll Ol (*-*i)j • d*ldl i^* d****** u^~ t oLy ^ Ol 

* * S * /* * j * 

<J a~bdj>- ^Jp *)Lta jjSj jl ifdU c LjIjjJ Uj_^aJ c < J*>wU* ! » jl c 

* « 

^P 3-IpLw« J aJU* Aiylfl dJuJL>- OOljlsLj { jfr l*XA ^Pj . Aiu-Jall 

. ^iUJl Ii-* J ^OiJl 

t u f tl %4JI jy ft cp ^ M-' > ol Oj/SWlji* /i-g-4-1 iis^i Uju. . jSLi 
t)l kiili ■ j4 ipyJ' «.i» t>l . (U* Oy*>—_/• js*’ OLfc^yiJ Lji^l j-A—a^) i^J-l yf 

. ^Ukll (»-4-' £l£jci \*X* ^tJ^z ^lill iJjLJI U*J . (Jj-J\ ifi-l y v’'*-''" Oj/S^W' d <£/ iTjll 



11 



ji Jp . } < *ua)i t*ir y* 'Ji\ uuiju l /\ i J ^j,\ oi>idi j\ 

<L<» i J-U JJ . Ijjy*£ Sa- 1 » y OlJalj Lsiji Ol£*Vl< 

• y* JI 4^>wJI JaLi^-l . -kli^Nl yyl^ij OlJaLs)! yv JJLjj 

* * * 

jb 4^-iJi jjjli JjAy t 4 JL-» ji b»-^* jl 

O—tilj . jl ^^4 ^ 4-Jb^Jl ^ y* 3 ’? **** 4->-^ll 4 ^U>wJlJ1 

jl L t dL*a>- Jj>J 13JL- bJ ja ajjL-^ b*i" Vf-j-* 

jl <3 If^b-O <JL^ Ow i C-.->-Ls<3 lij **>?yA 4J>W< 

• 4 ^" oL>w» j^y+£- <j ^aiLj 

js^jL ^febJ jS** Lp ji ^SCc ^ AiaA>»-L4 A^>wiJI C-Jt4^ ISJ 4 jNl} 

oi>Lji jjis 4 ^uji^ j^r a^ir bui . jyu» i.u 

4^y»l>- jjj bf ^\£"*l JU-^l>- ^J> Al>w^Jl Jj>bi^l j^j\S . 3^ll JLlu^i 

m # « 

. i£3jj£ ^kbj J^bi^-I ^jp jb 4 

t v - 

b^Aii ^jxk>Cj UJLui . (^wliJl ij*\ia <j 4 A-^Ji SbJ-1 Obyf- ^ ij>-b* 

jK^ lil * jyJbil ^^ii 6yj b^ 4 ^yibwJ J^-Vil 3^ a^La^-I 

-, * 

(3^* <3 * btJl j*~* {jt' AJL3i**w« j^Sj l ^1?1^Jl 3 SjiJi jli 4 ^i^ib L^a. t j^>* 

* 

(JjAj t Jjy ^.,<HT7.« uLa< L^i caj j^ja.^i -'Uij^is t liJUi yP j^jcdJ ijjlaf 4jL^|a5^ . Jlil 
. 4 jXLJ 1 *;»■>■-iadt 0[jycil tjjl (_$jLrfaaVl yjylU JaJ^ll y>-jJl 

Ja U**^ - V«—^A' jjp- jjp 3J0JLP ilul frbj-iJ' ^jj 

(jij^'k yLo^) (. '“ 4 -' 4-W» 1 ^-iJl ^jPU^Il liyillj ,ji»c; diiJd iijy^ail 5iUa)li .U 
otpLLj^l C-Jl^ lij a^I^ 4» ; (jiiail ^Liyj/l yp <1« ,....« c Jl^>-Vl JT (J t ^pj {( iJjL-l! 
^jj! ^plijjyi l3/All yA Ji/ t 4..^ 'J U jl J>«ji ^Ja-J i^-^i» 

. (_^ j i. <a II ^LLi^/! jL^-I Ojjviu ctjl iiUaJJ 0i| . /»■» - 

• JJ 3 V <£>y. ‘ J^Al' >-i> y jA^J 

^yUsjV AJliaii t)U t Ji»- ^ i£j£1 ijai! y «jlyjS' iiaw C-S/>- yli 

-Lp 4-^J! Oy*^3l ^i7,l lili . 4>wJI jLJk yciJaJl ycJaiJl yu jy«^JI L}jiiVl 

Jy—oViU» J ^Ip J»Lj jil ^>-y[ . (Jp iiiy^il iiliail JiaJ c yJaiJl yylp 

. t- - ^3 j^S\ 


tv 



t 

ol 4 ^. w j U La 4-i^nII 0} 

J-LU «5^U-|)) l^t <Jp ol^bUI ft-gij jl * gauge symmetries 

Q., «J t^l ^a£ c 4 jJj^ Ol^iabJ Ljc^ l^l . ^P 

( jOj^a>- ^P JjJ o La JJaJ l^^J c ^JaUl 4^jjj LjJI ^JaJl c 4 _w-Jja 

4j>«JuJl Jilidi ; L»lij *%»* i f j“-' /, i olj^>Jl Jjj-I . <L*jj-lll oL«j)a:U 

* * j* > 

(J i>t>-li 4jjJaj j LjjS^ 4 Sj)L»Jl Ojl -iik . AjL^SJI 

• c^y>- cij 4 <_5y 


OUI;J-^K' t 4-~.JU* O^IsLj (Jl j f " “* ' • ’ <-£/ t-l£»>J 

._•« - - < \ ,-. l V....I I JJiy jj . aj,L*J 1 ol^LsiK' t 5 j- 4^- ol^slJj t 

oUIjjoJK' SjJLtJI oULjJI jJJu <_s/b J-*' U—^ ‘ j 1 ^' J* ‘ 

. supersymmetry jJUlI Ja\^>\ »y* . oLUwjNlj 


AaL^ 0\j^*yill l^- Lxj ^lil 4***JLuk! c 4^j j| O __ ^ d jAJ^\ *La) 

^1 jl °720 4^ljj jj~b jl *—$ C-jljjjjJI Lf- ^i) 1 4^Jl ^p Lw-L^l 
Oli-^ jl ^Jp Olj^yiJJ (( AApljail Sj-LI)) aijbj . 1^* ^jljajl ^Jl 4-*w9jJl 

P JC 

. 4-oLaJI j»L^Nlj 4JP jJ^\ ^jJ Lm-U- c OtLiljjJlS^ ‘^■ isA ' 

e * e t * 

L-^l la;.. aJL j^aj W) c^Lj^a^aJI a^w-iLv-j 1 u-jL**-I ju^I jl ajI^JI^ 

* 

. L*li a^jla jlicujj 


# * * t 

oLj^jAjjill 4^ Jl^- Ij I—-->*Ua b^i ^A ^Lill ^JaLiU S-LiJjL-I 4**»*JI jl 

4AjLiii 4^w<JLjkl (J^tLtoL«A]l jUa| ^4-s*a jl Ijjbj . (L^> C^ljjjjJb 

iUul ^1 c^/^1 ^Ijyl 4 aj^I 4>Ljslj L—JaLj ^lijl ^li>Ll!l oLJ-^P Cj^ ' frLjuiJl 

t p * 

5*Ji/l jUjNI (_jJiAlj .«superspace jJUlI »t.,diil» _ j L* t A*jJi/l jlx*jJI 

* * * 

jli l-U c Olf^Ayall 4Apl..‘-ail 4^JL^1 Ol^«JJ 4 AajJ^I 4 £•*& jl jA 4^*Lj9^1 

. # 

^ jJl L5 uiL 4 mjL>^ 4*jI^-* o. 1 • -.J 4 ^Ljjj^JI ^JLj Up L^-xJ SJjI^JI c (( ^LaJVI id 

. 4 Sj*J 


* t 

iijA Jl ^p . l-^>- o ^p S-bJjL-1 4jLj?yI ^IajNI 4_»>Aiil «Lplyi 

»_~jy (JljM} 14 jijiJ-'j ^Ir^l J** 5 "*-*' ^ (Jj**»" ^y* • jt) 1 ^ *Am* 

°90 JT i-yij i. yjjf* c_jL^ iJi»- (j kiJJi ^ v' 



-j ltijj • jsijw»} jJp J-^- jjjjjj-Uil ^jji-® S - ?!/ ‘t— 

Y'—’ Y '—’ jJ^-lJl jjp ^-irt) <3/*^ ‘ jjll^ll jji"^ Y'—* J 

— fO <jjjiJl (_3^i>iJ . t jA~P f ('iy'j — y'—’ Y'—’ H jl t y Cj y 1 -- 1 

jl t.^ll £j)ia:.-i oli*>(Ail aJL» ^ Li^Jait) . y'—^ Y'— 1 Y'—'Y'—’ 

. 1—Jajl ^Lili ^Ljifllt j OU^iil <L*j^/l ^jLjjsVi jIju^I ^_j O Obl^jJiJb jo*- ^1P 

4jjjkl «j (jl *_~£ (jSLaJI sLaa!! ^ ^ —a]' IJlA ^,/3?! . a-LI ( j^J 

( t 

.. o Uj ^ t .. > ii o^iLil JjbJ ^alujV kiiij jl -li^ . _I I 

J_SLiJl oUlj_r[ j ^_Jl anticommutators a^Uiil oVil_II 

t|Lwljt . ‘90 ^ jJp l ; « ;U Ii> ,ja ^1*11 _ i . ^:U J . iJalj jj£- oIWp . Y Y’ .jSli 

. JjYAl iillie *>wi Jc LL«»«i 4 juljjjJI 4__{y L— is- ^i_JI I_i.,a ;l t . ^iit Jy- jtillj Jyli 


I 



i\ 












ji Jl)U 4 LIL-^ (j H - SjLiNt • \ ^ y^ ~^~ x ^ \ <—■* 

s.LS1 j jj 3 i oU^y^iil^ 4 LiUtfyl jl dili . y' 

* 

^ <Jj>*JI y c ^y 4 Sjil* JjLJI yLJI oWjsr-1 d)[ 

: Jy oL...J-t iiiy . iJ^*jji)i L»'-^' LU; <_U <^•>1*1' 

y^ y-*^ '-^ y$ • cr^ 1 j' y*/ Jl tyjy- Jy J* 1 * y^''■** <y ’ K ^** y ^ 

f t * 

^•>ca y»^ ouiai«oUsUL-!» i u x>- y c i*y y ^^jLyi) oUj«*yi y y ^ ji 

. j*.)) 

jjni 0*^1) . ■iait y»Ly <—~iU*l JjL^ Jjjlill yUiM O'yI «bsyl L* d)^ 

yt» yu ii jIuji <i>isy ii. y ^ u* y ji yu)i y wi otr ty u* jyji 

i.y . cjUjjjjij oiyyi ,ju cj^l, oJi y- y l» (^Ljj oia^ jjy 01 u j>>j 

* * /* * * . y» + .* 

iiiij c LJj-^y IJUJU 0 j 3 y ^pJj 4 l—>j[jy 4 4 0 \j ^oa* 

. yiiil yUI Lo <j •k’rji d)l i ~r J £ 4 5JLVJL. ^yLaj^j 

L^p-J ^jly <1)1 aj^aU oUjjjJl «ujli j *^l 

. ^»y jii<v y^L <y jjp yiisi yui oi aj^yaJL ^ajM 11® • j.y^ <—y-*^ 

aJI ^-1 ^ f.\jjyi (jy|^ft3 ^ l )1 4 M A i<] al i (Jl^^l (3 c l* LJIa> 

«LjLjws^^JI 5j_SJI ^-w. L»-i c*^1 a t iIjJl#; jL~^»Nl |j> y, . i-JLj-ill 

yyjl (1)^7 Jij . y>. j^aJI syJ! y L' L_>- t ( \ • _ ^ syjl yt) electroweak 

ijla . (i)*yi L-jj-iii ^Aiyii t )-»«■» ^ ijla LjjiL 11—-L.I yidi iiju 


* t, * 

•Xi* . sijy»ii oUjjyj iflju bijui iij^Aii oiyjAyli (_.. >.< tL-iUj 

yj. yy*i ol..— > J i i«jLA!i ji^jVi o l,. » c aaj «u-iiSj ^ l 1 4 .w. _ . „y.u (j o^j 
j j 1 . „ a t t photinons c...;^«« t oU^v 4 4 (j^y^ ^LNl IJu» 

L^-lpLij 0 ^ yb tfi\ ^wlP <w»a 4 < o| aajL aJl 

* * * * 

<J\yU IJia . Ifr ^U^aaj \JlZ& j^JJlc N Ljl aj^jJ 1jl>- «w.,^ Ai^Jlll S^lil 

® j a 

j-pj t oL^-IiU 4 -Jjli 4 gluinos ul^LJI jp ^Jl iJu ^Uw^l 

J ^ « 

aL o ^A-4<Ll c yi! 4 _ajL aJ 1 wL>-y -LjJljPj . 4jjUyAi)yj! ^jjlJL* yJl 

« * 

JIjjL (i i) iaiUJl jiLi^l ala yj . sleptons oiyL-j $quark$ o^yL- 



Jl j** J'_? ^ ‘ jil y* ^IdL» . jS/l l y>- j^oJl S-Uj 

. 4^**< V a}*)!} 0>*^ 4-^*1* -i A1^ .1 

4 -^-jJ . ^ — \ 

-tL«l 4 ^g-Jg i j^suj^i\ 3jjfclis> t jyiJl oL*)^» j 4 <_£^U L«Jjp 

t 4 « .;)a. " (Sj* J* Ji>y Jy. iy>rj jf- fHJl 

i-—J»P^Jl OjJaj j^jslj J^-io ^Jj^—^ (_}^ OU-> jUai>\t 

(jy ^y>-i Al.,-? 4 -JlSs>lj 4 ^ A^ • ^Ip t ^ lH" * ^"T*^ ^~>~y 

jl «J»?--; \jlpr APjU Ol^l SJLP a^^dJl a-i* (Jy>*^ 5j . dJUil'j 

^ i N^a>- l^iyL- {.Uji j jJjj 4j.}U.I lil 4 j >w d . ^ > ^ 0 

jlj ^jjj ^ jjUi i 4^.1 1 ** <_£^)U C-jif . A^l^l a-i> J^P 4 _Jj^ A>-jJ 

. a-JL^-l^ aajU a^aJ jLaii^ t 4_JULill^ 4 -j\j^^JI 4 j\j^iaJl <1 )Vj a>w*IjJ1 4j«A-ap 

. ^T N ^Ip JLib aJLai))^ a-^-Jp^^JI 4-i jl>-jiJ JaJa£ AJliSl aJ^L^I UI 

t c 

_4_/*\_*Jl A*-*—Jl 4j _aJIaiM 4Jj jSJ jl -A*j jJLU jlS 

jUjJI^ jl^il ^-r AjjJsLlJl aJU Aa^JlI *Jl ^-L>-| jl 4 T' -^— \ a yAd.ll 4 L 

jj^yJ t l3lWl ^ial^Jl jj* j>^/l IJUk ^ ^J>Ul cS-^ • 4*^1 oli 4-b>-^S"" Lio 

.iJJij ; «j<j)l ^-b jIhjI L_^ j iJLill ^J-Li-I ^jLOjI oNjLo ■ *^ jl 4 Kaluza 

J** y^ (J* ir L_U LJlOi IJLnj t iWLo J5^ 4 ^ilol jl 
i*J^I jLjVI jIIp J 0<oL| ^LjMi oli SOjO^-I iJjLi-t oViUil jiali^l d jl oJLSi . 

jttt» oViUil iSj >-1 liUi* aJUi)I jjjliiil oNilio yL-j iJlSojJI 

5JUi!t ^^ 4 Cjil IjiCfcj . ja-jaJL Liii-I -C. oViljo 

‘ j^* J>^ij • »0-1^ AjjJij ^ 4 l^bdi' 4 L—Ja^Jl^ iJUill Jp J-^a4 jl 4 iLjl 0>- j 

j^i jlj 4 iJliill «^>-j ^ a^-j Jj 4 * 1-^0 5y d-J jl yiT ij^JaJ ^ 

• Sy -A*j ,J^ jilp ij jJUi 

jilnJI (_j il*jl AhjjL j. « -tJ V Lil jA Aj^L-JI 4-d* (_j A-oloi/l iju^ill Ajajti 

OO- lili j*-i*j jl 4_-^ oli (_^ L-^i-l ily^l 4j^* ^ 



dJkJ» h*»»> 4 Klein 4 (ja 1 ^I .aJLI .^UU 

4 L* ^ aJ» 4 JLitJl Jaj>Jj V Ljl) <Jjjb c--»l^>- l)K^ • ^ ^ T "\ ^Ip ilL**il 

. <* £ # 

. ^.lii Jy j£-. di!j <- r i J ,j>Jij . t*Asj- jyu^ j*>- <J ^Jp LiiU t ^jjiu > 

y—* i—-iS” ^ j*jla ia»- < iSy^ ■^z* J . (j* (_ii 

jy~taj . ( \0 ) *_^jVl) Ja^ Syl.i c3 >* JajLl ^p- ^Jaii ^iJJ jJ-j OK”" l» jl 

. iJliiJI) i-fU^Jl 4 jjyill Jx *L» J* jL^Ji il}U Jlf i>.y . > i jSLk 


2 JIS&JIj *.U^£Jl X?-jI J Jj' 



Js»- 



t .1 * * 

4 }\ju\ aj^j frLjai <J ilaij 4 5^1p 4 -cjaJ L* jl . ^iJUi <u£u LUp jl 4 £* 4 jil 

« * 

£Jj> ^4 4 jJ-J 4jLiJJU . ^IjJl ^Lja-jl -LaJ 1 4_4lL* ayli £»^Ji j jjb 

. (.LjaJ (_5 4 L-wji^- j£- *)lj ^P^l ^ 4 jjp (_j 4 ylsL» 

. jycstf L^Ja*^ jl (^JuLaJJI dj^- ^JlP <j£l^jl IJLa 


i- m.szW ji jjt ^cPjj ,j^ * 5^1 p 

* * 

JSLio 4^b \i>S 4 4J ^IJLuI l r ^j 4 frUaiJI C—J V 1 ! * «-aJUUI «-i> 4 -iij jyA* 

I j£j Jjj . jLujI i*jjl (j V i ji-by (J dJJi jy«oi ^ ^ ■ "' 3 ~ i^ 9 " 

ii>«_iJl S-b>-^J iijyiil , y -A*J1 ®ytj t Jp 4jiU! -k-£ y y'’^S' 

Aij . oL-JU 0^ iJUiil #*bi j^j njy^\ 

^ Ljl j OiJ kilji-^j . SjjJI S^jj ^iai y 17_ 10 *j(y t ^ 0_ 10 l£*L*J *-*s* •*-*■_} 

^■U:.-'i Lf Iju- jji^y yw»' _}~>- (j >— *yA» -b N <iV t ^islyiVl | _ r ~*UM -U-JI IAa Ji>Jj 

. 4^yJ\ tljyi l3 y^~ 4 


J' <_JS" ^y- J»iJ ,/iPi «J«£ IJ a»J j£J Ln-jic* U»*- -Laj ji* *lll J-j Ji . ^ * J&i 

Jl . (^Lja# -Ijuj Jo^ iytj cLU- ^ J \j&4 -li y^ill ^UNl Lilja* ^ yaa* «ty l«> . iytj 4 JajL31 

. «JUiilj i e -J»^4^JI iJsyiJI -i>y ^Jt _lyllT j ^L.Nl y «J> 



«r 



iija JJi; jl y- \jsif Zy I i c lyJ ig*lS3l ajl^il pi-j ij&s' — \jji (S' AjjJi; jl 
J* j&\ OJii iJUiJI g_s-y a^i jl jJJi Jp ij . L«Ip- ji—u?- jp gy Sg* 

jJ-I'i . j_y!l I-Ia uLj% J c agjgjJlj 4jL*jaJl ^ jyyjl >_J*LigS^I ^jJ lybb- 

i_M ijiai~\ a-La> ^ . Jai» j\ijl N i yy j £*^gj jl 4 *Li>- g_>y ^Jal 

. aOjJjJI^ 4ij«wa!l t jyyil 0->- ^ Jl (% _UJ\ Jl^j jf 


4j^jJl jj.5 OLfc ^ O K aa. ^^ M (j * C-JjUj fl-UJjtll OL^ljJLll ^jA^ 

X^-y AjjJaj ^|p jL*Nl . ~ U ; -».l ^jA 4jjfcJl* 4 JrjS ^P \)y0 O ;y 

< * , c ** 

jl li t U% jr* ^ 4^^Js>^x]l jl ,j^J JLib . <U-—j 

l—ls-b (.V —^ ayill Jiil (. jJL^bj^^J'yi 4jJaj) 4jJii .l)“>b«lj 

. |*^Jl 4..--- .Jl ; ju^ySsJl jcJaJl £» Ljajl 4jLiy« 

* * t 

uJ^ Li - iC l jjy . jJJi <j lJ—>■ ccj^ (^ Cr^ 

jL^isjV T ^S"" 4jL*waJl Sjil j iL*lf _jjaj S.iU4 <^1 L*pta 4iil*il JsLa^-l ^JP 

^ 4—-^-*^- 4j^-l ^JlSj ^ 4bP 4^-Ul 4j^jaJi t jJJi JLaJ ^ Jij . Lfrl*J (J ^ii 

^nJ . 1 Jj>- iJtp yyP <L*L*Jl oUUsJi 4 ^UL 1 Uj 4jL*-jaJl dj2i\ O L Jp ( j 1 awj (j 

* * * * 

4 L—^L) j^P 4j^jaJI 4ljK^ jjll-iy . 4Jj 4 ^.^a*-* <J t 4j^r^i 

. L^j#Lj 1 J Jb“ olij c J~iil Jc- 4A««j9 5)-ii olij 

jJjj .—>Lm^_U. 1 ju uy Jc-Udl jl jJJi . L;b 4^jt* j£s jji a-OJjJl syJi ul 

jl r ^!l (J*; ^ . 5-J^-tj iOjOj, ^y Sy ^ S/_U t yii Jy^ ^y Jp Ly^ 

jo- J t *->8^I^Jl jy 4-LtfVl SyJl JA iJ^MA <Ju !jy* ^oipi J kj;-J ObjjOil kjy SjjiJl 

ii»i .b-ij^i oLjjjii ju syji jl ij£j jp- gjjir jy/i o^i^i ji 
l J ■> ' ■ ■ • - agjgjJI syAJ W-iy t H.Yukawa !>^ ^jla t jlui jLjyji j^i ^ <\ro 
4jgly ag^gjJI 5j_iU J^»U- djLy»)) Jalyil jJJij jjybgj^lJVl j* 

jl Jii Jju jw jiJi yjj . pion j^Jl ^Ul yjl Jl <^al Lf 1 1^ LJ oLygJ.1 
jl jJJi Jp- ij . agjjbJI 4jjiyJl syaJ £&i ijwy ^JjLV' Jl JglJl 

5yJl J U- j jgg>-l. yy jp c coli gi egjggJl sy)l c-LUp- JU j olLJ-l 

• JlyNl ^ ] an A J iJy«> jjP i|^>-l Jl t SjLnjaJl 



Oli 4 4jLjcJaJl i 4 1^*1 . oL*O^I j yJZ aJLaiU JIS*" 

e c - c c . 

j^tlzJol t ( jS' {£I ^ ^oLa^II ^£y^Ai ^p aJL>^ ajJ& i 

^p 0 -X^-*i 4 ^*-* ol<yj j^-it 4 tiJJ^ Jy 4 * Jb Jj>dJL <L*l*Jl 

* * - * 

J—iJ . L-^o LL^j aJLa^U l^«~.«1)1 O^jI^jaJI Jjl>- L*-Llp o >jj» a — *\\ 

d^^-lp 4 4_a^JaJl dyJJ t^JL>- U jl^P ^P 4 l$l*>- Lf 4 4Jx*-»\^> jS* l^L-Jabj JLj-Llp l' -> *L--y^l 

. o LLa' I la■**;! (j V| 


4 ilUiU 4->v^J' AplwlJl oL_yw» jjJu^ q K; ; 7 .-SI^ Ol~—, lo« * jlT 

JSLl> AjjJaJl ^Ljjjl 4jJai J>»ij '~—^~ 4 -1aii ^^J-JI <_S-JJ j jilnil i>«_^l^ SJliill ji/ 
( # * * 

jl ^ Ijl>- t_i«w»l <_£_^»-Vl ol»-w~ 4 ~l-i ( IajIjl^sI ) oU^ijIyJl jl jH 1 j[ . J«IS”" 

. - , l * * e c i 

4 AJUtSl (j 4 oLj»«,aS' . o l iy*>-l «.Lj-i l 3 bj^ c£^>! (jy jl Oy, 

4-^-jJI Aj^iajj . oJb-LiJj^ Mji-jtsiaJl ! ^juyJl (j OJ^L^aJ ^iJJj Juil JS"* l3 OjIS^ 
^Jj 4 ^\^pN\j JaJa* ^j-Jj 4 ^jyJI J 5jl-OaJl £jA oUJl 

t * * « * 

bfcyy- 4 aJLJI^ 4j>w^Ijj I JL>* 4jL-*P (_£^L* ^P .A;..»T Ajjiaj LwsjI 

^L^“l ^P 4jy> jil l^l . <u*-J-Jb 4-0» aJIaIH' t j> 4 (j 

. ^L-Jjiii JL-ju^aJl ^Jp AjIJl>-j 

^J-^l ii»L«JL . <-^iJl f j^* j . cJJ^ L*1 

L /'^~*4-^LJVl jl jJJj . LtUlI a_^jJS j jjuj^j*il iJUJ-l 

J-v»U; ii^ai ) Si^UJl (J—s- iftk»- jJ^Li ^i-jjjl l^L-li J^3- jyij 4 ^jUI 

. ( ((The Ghost in the Atom 5,JJI J ^.jjl, Lli' Jl ^ j| «^ulh ^jU-I li* 

• 44 l*ll A_—Jl ^y* jji^< t Ola-JaJl jr* 4 LjiSJ 

iJU-l «.Ljjj *~is*r^ ij^Jl frljj-ill Jj lOL--J-l (.ijj J ibl ^1 

. j^JI jJpj (Jj 4 f-j~Ai I j^p Jj t AJL)j*ill frL^JJl Jj t 4 ; l ./■!! 

tijb • (*-^' *o^*y i*Uii a^^JI *jJhl> Jp ^i; 1^1 y, ^i*ji j^ili t L,jj yc. jl^ 

4 L*l i 1 4 ;Ja -' L^lii l t i^l t l—P-bilj NL*- LAjtsl jo^JkJl jjU 

U&J *Jl Oyl> Jy J»jUdl ^S», . jJU! j J-l* U (3?**^ (I I <-«U I oU-l4 oli 

JT 4jJaj' j^J jl Jl lJu^ AjJaJ JS" Jpj . frb^all k_Ji J jjJa^j J-^ ^ 

. JijLl I Ja y* jk£ jl fr( ^i 



JUj , 4 jL-1a 1\ L*LC 4**^P 4*<*^fc^Jt 4jLiiii 4JL***^ 4 dJp C ^j&-L O^S"" 

4i.n.,ia'l : jvyjiJI ^ j*^I;Lp d )y$ 2 rji Oir j\a- l-i* jiaJl *-jy-^ 

_ C < 

(. 4 ..-J 3 ^>Jl ayiJIj SjLycJaJl ajiJl jl Oj-kJLi ijui^l o L .:. J l ^jJIjl (Jj . S-bJ-jJlj 

cU*bl^i . j-*pi (3 <^»LL^ LJ> c 

3^” 4jLjc^aJ 1 o^JiJl ^ g * ^jA 01 t^JJi 3^ “t) * ^ ly^-***-* 4*taL*j 3^ OLJ^»-^ 

t 

jLJl^ 4;-»«..t.ll ^y^A* a J* r J aJlP Cj* ^ jLj I) ^j-*J 4 jL*_J» (( Ovi » ^L-l 

* 

Oj^Jl 0|j ^-1P O^jijl 0^ ^JsjLa ^3yiSl 0| 

01^ ^-L>- 5jwT ol^ <AjJwaJl djJaJl ( Ja^ 01 <3 ^ aLjI? 

O-jl^J ^-lll 3_J^ J A. J . W .i djJijl iSjLio 4A*jcJaJi C-olS^ . IJl>* (j^Jiil fl^wai 

£w» J^fKJ JS 4jl JjJjLju jjJLy^l ^JU IjiCbj . 1—tylJ J^^IAjUsLU OU^iiJl 

3/*^ <3 30’~'‘^* c£-i^ Jjdj-b (3^* Ia*"* 1 ^ #.l>-j^ 3 ^aS*" Ljc* T 

* j. 0 *p 


^JLSl ^jL*M 4jL>j 4Ju<? j^ji]l 4 LS”" ^Ijjul 01 33***^ JLil 

j^j ^jji ^ . ^-jg^.soi 3^"^ 3 3-^**^* 4i>oi 

3*^"" 0l 0 >-^j ijju-»li?i 4*^*^I 4«Jlj 

. 4i>i^Jl 4— *Lj-U1 (3 ^ *L/^" 3^^ 3^” j- w "^d 4jLj»-0aJl O^aJ^ y^- 

Jij . 4A*»waJl S^aJI 3 3j^ ^->w? 3 ^'L—5ljU 

c t 

UkJL>-y (J ^ 4a.« „ail SjiJl j 4^_>\^» 4j_^Jaj ^t- ij *jyi~<a}\ a j-* ^P Lj-I 


. 4-_Ja 


a^iJl 


jjSvj Jji 4jl c a-X^- ^P JT c Jl OLljI—J1 >!>' s?j 

. 4A.o.Jail ajiil j ^j^l^il i_JjL*il ^laLJl j —Pj jl jji JJlLjC jl 4jL*_Jiil ijJil \j>\y>- 

4lpll a^i t i-^Uj-lil Ifi^/jIjK j ^1 t 4jyia:ll (_g^.>>-l>l j 4 !^ jwj 

^^>1 klJJ-ijj . 4 jL«-Ji!I ajiil J-«->- ,J OJL*^ ^)l O^ApliJI ^ao.l (( L-jliJj » J^y jl 

. i_»Lj jjl 0^jl*il kj |pliil k_£jl—*JI JT'y 4j_jjlj 4-jai 4l^vjl la jl^pl 

01 





i t LJLiij j' (jjLiJI jJiUl jl iljllli ij£jh\ j! 

ti ^Ji>Li!t jL«^jl ^ £* oLiJi ^e- Jcz~~3 

. ^ la ; -~; Jbl L>-U<ajl t ^ 1 j t j/ 4 

frljl 4l*a^-i dj-ft <ll>- ^ jis>Uiii Oj . (t <Jt»£ )) <L*J Aj/ J y Si~ 

* ^ t * t 

^aaI dl^-l (jjl l—>Jsji aUjM aJLa 3 ■ ^** J ^ aaJL jlil ^>y^l <jl^-Lil 

— * t 

\ Jyj j >-I . LJljjA oij SjbUu 1$1T 4lpUJI (jyiJli '. 3 y U* SJUiJl 3** J^f 4 J-jaA* 

. 4 JUUJ 1 (j^jiJi 3 ^yi^Ji ^buJi ^y*i iaa 3 ( aJUjM 4ji>- (_^i ^ aj^ji o| 

3 ^ ^*j l^LiJ A^^Jl -^j - 1 3 aJLIj aJU-I aJla 

. (\ *\ ) ® 4 j»*<aJl )) jj^U (3 <—Uy> ui U fj&i l^lb oi»u# Jbtjj 4 Aji-aji 

Ajjll>-i 4_^JJl ^0J^S <jl -tf <yU-Jl 3bj“^ (J^ *> y£-~* £*j?^Jl l*bbj 

l^l 3i ^U»VL 4 Ajj^Jl <1)1 . L -—^: ^I^JLp Aji *. A A~+£ r A-^*®l 4 _£Ji J& 3“^*^ - l 3 ^ 

^bUJ! ^1 aJUjL-I aJU- jl t aa-jiJI ^Ja^-J a^L L>.w> LaI^-I Jjj-Jl 3 

aJ (J^aH ybUr Jljj U 4 _^jJI k.i.iJi 4_^l 4 ^bUJi jU-^ii ^jA ^3 

* * 

.« LJUL ")) a~*— i (^JJI y» 4 LJli 


JiltfJjiidUjU J JU^ iJ .LJUL- >bJljUSjl. ^ JSL* 

• UUJI yy-i ^U iVii ^ E y-w 01 i/» ^JL“V il .y^. > JJUJ) IJU jS 3 . f U 
■ Ui U>b- c-rtA oi A^jkU «i* o! . ^yJi >U1 JJiy 



oV 



^jliLJI {j» Z j W oL-~i-l JL ^>LJ! jlpj cJ yk 

a^I t byy _J*luil Jiaj J^LiJl l-lj-j . iL».jal\ ijii\ j yl^il /)L*JI j^LiU 

4 4-—JgyisJl Sjill al^L—U (Jp j t 444 » .Jali ayll IJla ^js^JI . /»■ 

Z j W Jli S_Uj>JJ 4_.LuiSl aJU-I (J UI . ifyO* LiLayl I «| ; ] a<> , i Ol U 

^fu U <L>±£- (Jl jyi/l (Jl ^-P; t Uyb b S" |*JaP w..;.-; y l^Jl /)L«JI j^L^I (JL. JC aj N 

* x 

. /;L«1I JiAiZ il /• t AlL£” ^IjauL t L~* (Jyyjill 

0 0 I 

yA Jji>- o - ! I—*^A_L>- ^b-JI JuP^ Ja*ol ^yLJI aJlA (JL»^?,.*^ 

« 

. JwJl ajCOp A-LT oUjjy yA Ji>- ■ J*? Tit ‘ Jj^' 4Py£ J} i_-J C HiggS 

A*yJI li A 1 a£ 4>U» (Jy-tj AijU.Jay^ll (JyA-lj yA Jji»- b>i< (JJ/*^I (Jyiy 

aLja>N i pLja» La ^Ja—Jl (Jl |*pj) b..Jail; \ "\ J^jJI ^ Ly^yil 

oli <U4y«^JI aIIA-I JjL^-l (JJ <L«jL| (Jl/SMl I-Ia jJaajj . (jJ^-lJl ^i5ja->- 

■ Ulifr^" Z j W (-aL-uS^L La JUuJ /11 ( (jJLjLl (J ) L?.^iH iillaJl 

0 0 

AAj ujall ay!l a*LL (ju (3<|yll *^L^" l^.^aJ ^-Laj ^ 1^ __^L* __yj>^lp 4^jJaa (J| 

Laj ^y ^JpLL (ju y U (Jl L-Hi ■ 4^. mm,L>I ayll oX^j 4 ytl\ 4 aIJaH (J 

A-io oli (J| JyL Lf 4 e aJ\j y^JI Ai>«JSjl aOJ g ( A«A.i»..J> «Law % ^lyp-l 4 aJL>-l^ 

iLT 80 Ll^i) (ojs- IjS M J Lj . W ^wJ-l ^J M ^ Jo- J. ^A cJla.^ 11 Olyi^J 

M 

< t 
. Ijbr e^jw» 4 4jf“l kiJJJj If” 4 i_i-*L*Jl 0l_p5U <LUi)l a-LiJI Jl (<Liyjy 

. e f gSin0 o*>Ull js- 0 5y \y JjIp a& . ajJ1l]\ ^ y lu-j — i«-JI 

g 

AjUaJI A j .— uli aJ-iJI 0 Ijl^Aj . °28 *Ia} l^l -L>-j Jij . iiy*»illj jy»i 0 <L*J^ 

<^l y Ia> 1 >- Jp JLa^II OlT AyliJl aJLA ifjivl I jLus^/l ^Li» J} 

OliUall J AjjiaJI iJyL. jl .lili Jp Jj . (Jua-aII JpUsJI ^ ic^ill ij^iaJI 4_ytJ cJlT 
®*^“ Lv y**bj 4^^ <-»jj^ll OLUaII asu* -blja (Jl |Atl^llt . L^lf yy aJUJI 

Jjy^ll Liu^. 80) M ^aU (/II OliUaJl Jj ‘o_Jayi3l ayll aJLij Ua^JI ayll 

* 0 

• OLiflUi* (JujaII t)l (®10 = Uy c , «a-!y 



Ol^dl J* oU^dt (jtol) scattering jt*J y* cl)lj*A\ «Jl* ju-Ij . tiUi 

i . _ „ 

flp 4j^^- . <X U -A .l l <J-ll ^ <d*P C t^Ob^JJ^dl JULl» ( 1)1 ll)^ 

(j^ *X/* ^*-P" ci^ c jfiy) CERN ^ \\vr 

/^P jtu cU^L&^j^di c)l ^ULmJI aj *)i lx c iU^IpLo 

-_ __^-J«i^p 4j^Jsl> ^p u-AUiJl l*t . 1 ^ JjLJI c^l^j iSy 

Z j W oU-w^>- (j^l U*up c ^ ^ A i ^U- <j!ujj ^ \ AT ^1p <iV d *J1 ■*** 

« 

j t JjL-J! ijiy SiljaA oUyJj^; i>y- UK 4iU»JI iJtp oLjL-aJ y Jjbll ®^*-IJ 

* > * * 

J *ijj *il 4 ^-aM il^pL 4jJaJI Ss.jJ £•* l-A-st" jljijLj yy»-—J-l yjL* LLS" C*j6 . Ljajl 0^~“ 

.0 


U» 2i_. >,W ijii\j i-^-Ja^l i)A Jl jl .iUa^/l Ji iwr-iil oU-bsJ' aJ - t ‘ 

lCj UU J*j ‘ ii>Jb y*, y Jfai 0 Jas-^t <j& • 5 -^b ^ LS> ’ 

y* ^L^Jl l-U j jt -U. . «±~>-y » j* s— C - J '^" 

oL>JI y^ ilibiJ y;>JI J* ^ u '-^J ‘ 4i>JI 

. i y, >^ <H Sy]l £. L»JL>-y olSJlj ‘ SOi-LiJI : jy>ii' *~>Uyt J 


group ^c - ! oLj>y' j* ^ fi Cj\Je>\^i\ y j-j-U-t j[ 

j matrices oliy-at SjU- Ji-i ) a—^L^J! oUjI^JI '^-y^- yj^j ■ theory 

# « 

^liUj JS^ j?V 3^«* ) y>y> o L L» « . ; L«^ \^Sy Cj^~ ( 

AjL jj-U \jtJcS- S^Ui» ( JJaJ SyljJU . SytjJI ^Lj la ..- ; Jli-ij . l^-i ^1 ayjJl y-<L| 

t-*U*!j ‘ U(l) -j U yy lyj jXjj J-ri3< l-i> y Oli^J b jU - ' ■ WCr* Jj»- Hjlj 

t 

j]ff\ssi\ » : a; jJUJuj . A-j»L) a-laj t (Jjj-Vyj ^ unitary a.«.1 S ^ ( y» JJill y U 

ftljaiJI NjU cUii <j t Ja-ja)l> U(l) ^laLJl 

cl—»- t SU(2) ljJaUl '->«*■< jtS^I 5y*j ^ U(l) 3^1 ^_ju~ 3jL*-j> 5 yJI jl 
S^iUj . l^»lyi- J-sa>U; Jl La N LXi 4 ( y>[± ) special 5-JT JjNl »JyL| ys S 


(C-^ 1 Jir a ^ 4 »jL_. jy. Ja oUUi v yit ^—4-i jJji Jji_ t ijU r ii (*) 

() • 4 j *—* jij^a 



4 jJL»LiJjA<^JI A»L 4 v-jlvSjl 4 *l _ ^ «jiill (j IfiP LuJ5>J ^Jl l 4-b.Ujl 

. SU(2) y» 1-Ljio jt5""I 4 SU(3) 4 Aj^Lp 5^*} ^P J «~*.~ l iaj\ 4£|Lp AjjJkl ^Aj . IjAljlJI 4_»£ 

4 iL*Ljj>j_^Ji £4 AA.n.yj^SvJl J_>-^j iSt- 4 o L~»u~ JI Ja~»5jl ^ (Oy>- Jij 

-j U ^s)l) «JlA j^JI JLs-yJI Oljylajj . ( SAa-ja S^-S" 5ji ) L* { ^aj+£S\ 

ijjLf- lyj je- Jj .f.;..T (Grand Unified Theories GUT iicti) 

SU(2) 4 js^j,L*JI ji^-Ajllj 4SU(3) 4 ^j^Jl 4 Lpy ja£ L f-Jaj 

jycj ly»- 0 la..»jJl V oUaJaiM a-L* (jJ . »_ : ijjyjiU 4 U(l) j 

. iyUalt A-P-yiJI ^ajJI ALLiJl a»»*IjJI o jAjil .JJU*^ , jdl ii^JaJL 

. La^LJI ^_jL> ^jI^a Laa j^Sol JL>-yJl oL>J a»LJI 0 } 

SjjLll ^La ^Aj 4 oISjI^^JLl A^j 4 4 ^ j^>S\ ijii\ £>L* ^Aj 4 OljjlJJl s2U»»~«aI vlAJ-i»* 
^jl ^ *"jlijr.lli ^.AP 4 _£jL*o jAp jl ^31^ Iaa ^^P IaJI^ * ^- L A* L I 

li jAjl 4 A. - »- — - 4 ~l ( J-~“I_^I lj* j^L-j ^j^l I*)-* • ^ • A i 

. 4 jvL ^1 c)l ^ |p»**st- JjLi* • ^ LipLfc - 

aJLJI OlilUJi (J UI i AjajUwil oliUaJI (j aaJI>» 2 » La^sj-j j.L'JT Ljajl Laj 

jl y tjvcS jl pl^Vt Iaa IaJLp LaJW; ^1 yijaJlj , SA»-I} iji La» £Jj£» 

IA-a jl 4 jJJi 1 » ^ aI 4 jSAj . IjAj L-j Jt./iiiNl jjjA>- jA» lAAi 4A<I^I^SI jy i^lil 

(_JjU»l!li . t£j>-\ A^>- iiL-ll^ (j^jJlj ^UjLiNlj AiUaJI jjy JsUjJ 4^L^I ^jjjJU 

jljo-,j 4 L*jUl.-c2lj./jjj^ J AjOE3l_j^Jlilji-»^ ; P ^ r j2.jij-«J.loliUaJl L j 
jl ^jaj , l _yuy jA I .,A«i IJl>- i.^iaJ UAiP oK^I^Ssjl il^L» aJUJI oliUaJl 

s^iJl LJ,a jJI OK^I^JI jjy i^iJl iaj, Ia-Up J_yj ^Jl —AiUaJl f ^aj _iiLdl ■_ - .-L 

O^LJI l5^aJI c_-^j 4 LaAap Aj-jJI J>o jl ^yj ^sJl iiljajl ‘ Ua-^&I 

A-j^I aJUs ja i,A 13 10 A_|l \jL j^Jipl jJJjj A_~*tdl A-s^l iilUj . OjLua olaJ. 
• ^ J^ 1 , -r J J^ ‘W £>ktAj j^Jl JjaJ-S ja Ia»- Jpl yUa t ou(tj»^50l 

_Lii , Ljajl 2. j j>^ll OliUaJl (J Olftjj 4 -li^-l c js^Jl A->-_jJI 42AbjiaJ 

jl JA J. t .A' jl t -P r A->-jJI AiU» (Jj . OKjI^jlj <1)1 jJ»» UjS^S 

oliUaJl (_j ( Ja s <» ^j\j?l IJla jl . SA»-lj aj 4 tSy ~I (_j jUL^I 4 j LJ -l jlp^JI 

. AA-tiT ...~, jj Lj^J 4 ol«-..-4~1 ^p aJLj-aII U)Ui Ijji 45 J^il L ...~j a. ^a>»;I I 




l)1 4 jJ* OjyjJi O L 4 —dy*d^ £jl£*i 5-Ja* d 4 ^l—JI J^j 

tyjjy. d .JjIj^JI J^?«A klJL^itJl tJL a oUaja»- J^-l (_}j • *iJ^*% 

0^-J ^ j - ^ •* 4y*y^* •J)j^"' di ^j\5ji^^3l A^-i J^O Ljpi«,<a* 

. ^Sl! i^Ujl «i^l, jUflli dji^Jl 

Sj» • js-^Jl jl?-_}JI obji*^ ^»a* _^a liJ^jjj J-oljJ- jL^IU «d^l d)J 

t # * 

a! O 0 4_>^s>-U jji^< d^ ®-'-y L»Ip^® 10 ^ju t i_ju»Vl ^ i ^ j\j5 Ojjjdl SL>- 

t " ■ »^** l^i ^ rJ I ^w*Laa* t fl J1 i ^‘ dl « « u J 1 : ' fA . ly^l * A»*«^^fc T i m A 1 

OyjjS\ kli^i; JL^r d JLto^' jl» '-i* d^J 4 l~*^ 23 10 J'* Jjl»' *jL>- S/* 

. j>^Jl -l^-jJI ol>di< d*** di d 

1 1 o«. i^Jlaj ol ‘j^ 1 ^^ 1 4lJ ^4 « l i ^ ’^“> a ■ d 4 *ui!I 01 

Ijli t 4-jLii^-i il+s- 4 d^^"" 4 J^yjJl il^iy • *ft^" 2 jjU Jb5"” ^ 4-jNl 

d -L>-i) (_iUui?"U td*^ ^ ^ 4 L»lfr 3210 4-Jj il)jJjd^ (^jia-yli J S”” 

. Li^Tjjj 32J0 ^ i—di L* 4jb5" ir* 2-4—Jl 

t 

^L* |»J>«i* d <^>yr d^' d' 4 ^-^i C-j^ 4 drr^' l-i* d* , r J jd '—~if r ' 

* * >• ., * < — 

(jt d/“^-£ <jL> d/ 4 jy&-\ 3^3 ) tfUl ^ 

A-j^j^dJl d^lap L^al l d^* O—aIp ^d3xi^w> 4 ^ 

* * - / * 

l Jz* ir * jyjd' j^U» jv;^ ^ (_gli . photomul tipliers 

oLid _^a 4jj*3 d-Uj . *lLl jwj Uj_p ( Cerenkov d^x^wJ gU-lJ ^«...^ ) Ijd 

^1 t j jjj „ il d-d ^>- t \jlsy~~j ^ 4 j o-d d^ 

. ^i»!} ddj^ wljil>- 

# t — 

: L*li ^Aiisi (J^ d^i 4 4 i jLl>-l A-jiSd^ 2i\-LA 

di d* 4 dd»* JalUt' J f oj . magnetic monoples ^Jja^A\ u.Jaili oljLa-j 

di 4 Jijp^l d 4 <£j*i Jl d^ A ; .».i a;«U 3^1 »iJJj . L«^ 4 1—j y^-j LJlc* 4 Ctehi 

d jd^l Jd^«* • S;JJI d oUjj^Wt *£j>~j jd^l^ 4 aJL^JI oli>«-iJi 

— * * £ * * * 

4is^jJlj . j>- j\ j L^d>- L-Ja^ 4^JU“1 ci ' ; lai jJ^j 

* 4 c « 

L ... ^ ]a ' . < « LJa* lS ->—o t* _jl . ijij^f- jl d^* 4 djj*^ S- d» J^-"' d^ A..~;ia’.i>,i' 

!# 

. ! 

1 > 



-Aii 4 .Aa-l} (_Jai oli p L,-> Jp ^j^dl OLa^J! iUsil 

«I^Js» ^iJ tj t j^ipt d)K} . Vj^JI aLj^iil L? LLUoJ (JuS” ^I^P 

IjJajy t m t Ai>«-i 4 O Jj*-j d)J t ^~;JaJ«i! (...Jaili olJL>-j <1)1 t A ^ f' • ^\p 

( em = — ) — 4 ,£)l —i em *U 4 -I d)l ^ i Aja...i Si*^P t e c iy^jjaj! aJIi^^^^II ai»wJL 

2 p 2p 

. f « # * 

<i' 4 < Sr*-' ^ t 4-jyJl <>*-iJl oJlAj . oli!l oJLft ^ Nli*i jl 

SjI c-itT lili. Ji lf c d>l£» JT <_j iiU e i*J ^lUJ! IJi» Jia-I} ,_ U; 

* ^ i 

. 4_** 1*^/1 oJL>-^Jl 0 JlA <L«j\j 4 .‘t>» -ti 

-U>-j c)l v_-#s ^s)l ii aLw«j iJIjJj JLpI 

^ iu*l^< Jl^Ja 4 (jwIjj-iJI Ipa <^JLJ1 _j*^l c }Ai* Adb^S” ( ^» s JaJ«ll <_. jaili 

4 » .. Ja lt c 4».,laH uyjj» IfAw Jla-I ^-- A«:«ll . Uill JL»-} j L, j&Jt. J| 

aJlA d)l (iJJj . j^^JI JLa-}JI oL^Jaj (jjJaJLa jJu a j£j>i\ aJLAj . <t*Ju>»i_J N d)l clj)li>-l 

(1)1 (iiii (Jp Jj . ^b*i l(J| ^ls4} (Jj ^*..jja:»ill (—-UiJt OlJL>-j jJp JaJii ^JjJa^V oLjjaJI 

. aLj^I i $ ./a<Ua»- J^>- AaIa ^Jlii SjjJaiJl 

A-l iS * 1510 4_jl<^l 4 X »ib| aL^"" ^aLpJ 1 V*- a H Ju>-^j 4*»}iLl aI^JI 1 )| 

(J >_ .Jaili Ol-La-j 4 -j-iJ ^JP j^J£ Ifll iaj-jjJ ( aL£”") A*.axya A*Ji ^Aj 4 iJyjj) 

^jA jj jft]l pLjl (iijjJ a^^AJI Aaljail <Z*>/y (-_->jla^ 

l^il>- ^ilt ( 4 jU>»:..LI ) 4_Jai)t OlJu^-j ^ (JL^»«Jt uiylijjiJI ( _ r <uij Lpj Lf 4 |1LJI jlp 

. Big Bang ^JapVI jL^iiVl 

A«-iVl <Lfr ^ ^Jp ij CJtS^ 4 (l)j£jt liP j ^>-J (_.jaili OlJL>-^J OlT IjJ 

ij^j el^j 4 ^Aia 4 LP^aj jjl (. .j aal l J^-ji . aj«^7< IjUI d)l l^Li< d )j£j 4 

ij . Liajl a)..«JU i ^ .. / a i oLkj^i-l aJLL (1 )j^j d)l . d)jjj^JI < Jp j^li 

A—jUUI 4_ili SjL* ^ ;,/i « <^hI j (iJJ—< 4 ^ t£f~i jW jL->- Lp5^ 

4^1 4 Lii^» d)jSo S,UI ^jau* jjp ^-.ja.;i. ll JiJ-l jiJJ d)l» 4 superconducting 

jiaJI Dli i)l*lll adp jja** j\P ^ «.ja ia a (_JaJ J->-j lijj . A Lv>ua Jlial 

2 n 

lip Jpj . Olj>-^Jl ai-A Aa^w» Vlial 4^-Ja^^il J*ij 4 yuu d)l Jj M 

j\P (_Jaa O-a-j J^L d)lj iilli iiiL' aJU- (j 5;!jUL Jai^ d)l O/ii (/“^ (jaUi/l 



^ 4 ^ ^ A Y ^1p ^ 4 — ^ (j t~J ,ji->- aaj ijA (iS^ls I «1)1 aaj . I .- 

. j>-\ l-L»-!^ Ul^jl a i,- £jJl ( j&. gJaiiL» ^ !jl»-1 

Adili)! iJlisJl . S \ _ \ 

JL >-y OpaJaifc Jl (J £>*JLLl ^ -j !L 

l^-U (1 ^Uii! ^Ja) 5JUi!l C-Uo t a-O-LiJlj 4jL«-jaJlj 

r - -Aj , ^jljftit i! ^ a i l — ^ — blju^t ^ ^iyj«-i—)' U ^a4 , ij' i i 1 ',,* 1 JL * t j Ij^>- 

4-f^JI «l>lj 4 A**!—'! j ^»-UA (jJLiJ! jiiLdl d)l ( A —^ ayLiJI ^iajl) 

Jjy . 2jUi5i (J 4._-.L'J> 4j^)aj ^.Ulii j*yi ol*)l AjJajj . 

JL>*l£j Ot 1 JJjUJI ^Lli! 4*-JL4A d)! 4 4-1^* ^P JT 4 dAp < 4 .-»« ^ 1 

d ^ ( 

i-UliJl iJUiJI -L C-i/- i-djJaj i±JLii ,jp ■ i-JLSiJl ^ i_---Juyk 4 _jJoJ t—L.I 

. supergravity 

. Li litjLuI 4jy. — J i SjjJii , T .<a~ aajUII SJliiit (1)^ 

4 4,. < a,ll . SjJUa^l ^jbJ! £• 4 4 __—^SsJYj «jva^ jJiaJ 

ojjiJI Ji ^ JL-^II .aU “W (1 dyjtyJt «j! ^ iaJLill SJUiU 

<JL«p tjil jjJi» iili . £j\jjjjJ\j iju aL^> f-Xlj >td! «jl . iJlalll 

4 y>}\ }\j*jJ\ (_ll ijjl*)l ^ ^Jp- vi^j > t?^!* jiib! 

4 JLy - ^>.■■-.. > - OJ^Aj 4 2 4 r » - ;i-*« JU-y* 4 C ^ - \ 4^4ail 4jl^ 

IJl* ^-Pi Jij . JuJjf- diij l-Lji 4 ld)Vl ^ . .1 

2 2 

ijU !jA ljL>-lj Jij 4 J • ;';♦ !^ j*—“t 

Lf 4 ilsyL* »)j■-»; | JpLblt 4 jLjw? y^o oU^atyJt 

# # 

. tjj;- 1 JU4 l^L-^l 

4 1 iyl ■■ : ■* «oL*—< / 33-LP «3^ w^Li-^P 

jj»!**! (Jp I N= 81 _j U ^Jl liJUu 4 iiJU aJLaj aj^Io) <jj . O 4 — 

[£ C-iy>r Jij . 172 LyL~» iSJLiJl iljjN ^SvJl J-LaJI j^vj ' - * 'I *j ' ~j^-J^ 

iJUJl iilJaJ) e-\jjJ tj o L ..» 4 -l (j-w’ (j- 4 “UfLili iiJjM! aJLa l y ,m ; 

O L ..- 4 -I ^«- 1 ^ Dl Jj^ l-L^- J^LlJI l-l* . jJli ijjiU yiJJi| 



221 li <21 U» (J,[ klJJjSj_Z j W j oli^.l.«Jlj jjJyiJt —iS<Sy^ SL*U-I 

eJJiy . (jJlill jiiLd! If^i L.-» J aJjl ol»—-4"l ^y, multiplet i-ij-lp i 

22i\i iijiA SjSJU iy »yrj ^ J»-l} <?ry Nl iy JS"" t 1$1S" 2>-yl jl C&^i 

i Ljajl Oli^,* ^Jp iaJLill iaJUaJl t\y>-\ c.M.j . JS" Oj5sj ljjk ( -^J . Jc>\^\ 
kiJJjjj . 3 jL«JJ 4—»LJi/l oL*~- 4-I_olyi«Ul} olSjlj^JI olij»«yiJl «JL» 

. »l»-jl L$ {jr\.** m .rn iyb\ 3 S^lil ^../aT jl 

4jLLa 11 j^ukj^ftll ^Ijkjl <—il jl ^a .j i ^I^pI i^y ^•^'■aJI ^Ll-II l-bk 4*1 p I-* ^*-p) 

^UJ-I y* usjW' ( 4 -W kiUi £9 . J-fc- j4U- oL—«4-1 j-w 5 ^ 

Jli Jij . JS" 0^1 jl <21\jt>\ iJUill jL «Ipj^U 

ftl^iJl lAf -I j[ 4 4A/»b^ (J oLolapI jS"" ^ '.-T 4—»Lc <oUa>- (j t jV- * 

. ^ N = 8 iSJLill iJUill 4*-jjajl* <—-sfyj ((^tr 4 Oj«—*» l 4jjJaJI 

^ * » 

jyiaJ Lja/I (Syr If • V-* £_ J^i ^<4 cJs*-^ <>lJjb 2ij 

c 4 JIa*1I ^jA ^p <*l {£y*-\ aJL£>■ ^ ■> 

n »>l ^*■ /s) 44^1 aJ1 411aiU 01 ^ * 4jL»««> oL L ^-p 

^jUpJI ^-Xp 4aj^ 1 0l^4^ 4 ^JajJ3 4pIm^ jl^p113| 

. N = 8 <21\2l\ aJUill y\^ 11 

11 Sillill 4 JU 1 JI ^ y~p s^IpIi t t (jujJaJI Jb*j, i^j 

_jU»l (J j3j-* j^l tSM til ‘'*W 

ij2i\j 4aasa)I ij2i\ Jl>-j| <J*-X f; klJJij ( ^-Jgy^Llij iJliilt j* Jjli^ 0^"^ (^3 (,ji^" 
^[.•*'f!5LJi JLP^ Ol^iaj (lN L^f tiJJi 3—4 *j 3 a-b 

. 1-L»- 4 i ,...)ttj4 < !ii\ 4-U Ji>- 04)^' ijy^ l — 

4iL>| J.^4; C-L>-^ -Vi t l jilh£' _IjjJIS' 4 j 4^*3 Jj^i 4>>..;il (J t 4*~»Ja>j0^)l vlOlS' 

P 0 

Jl 4^-U-l tiJJi ^( 0lX4jJI (41 -bJL>- Jju 

Ji»»!! (^LaJI ^feUs!I jl («il^ 4 .,it~.i «jjjj iJukj i 4^>J»y^^3l 5^p]l ^4*4- j>-l^ i^yj* 
t 5 -LjJlIJIj 4 i.m ,jail t (ju^iU .(U(l) ^tUlll) ^^*^l -la— jI ^»bj 

il.U-1 oU-4*l JA OiJbJI jUky (SU(3) j SU(2) l>) iJLiu j*rt j^U j^bLi 

jIaNI oli l yil^' IjjjlT b3 -^t-ji I-* <3ji J^-lj JU1 -Aiu £jA ^ -lja?» Ijjkj . Uk 


11 



Oi 01 c 4i5^ IJL* U> i fj^t 01 OK^ . <**.+ i M 

. 11 

* * y 

(£ja Jl L*l . ilLSill t d^> ^ 11 

ajj^au . 4JUiil (^Sj*** ^ ^ ^.Ajw.»/ 311^ 4 ^ ***« Ja ^ ^ x JI c 

L>J . -L>-jy jU?^ i y+-& LaIjC 4**JaJl (J 4 j^J aj c Idju 11 (J c d_>«--^l 

( 4>*J»-\j A*Ay*£ Ji>- 4j^Jkj 4pL*^ ^C - ^' C 4jJLj^«>ul)l 4 ^Ua]I cljl^UalJ 

. UUjI jtft 0l£*} 4-**.ul! ol^LsJt 

-.\jjJ\S} ISS UJI illilll I UIT ^ 11 Jjjo AiiUi' Oi 

JT J aJj>-l} AjjJaj L>Jj>- OjJLj-iJI l-U oij c '-L>- V-_y J-V' ‘ 

CJIT jl -Uu 4 i-»^' ■**.} • o 4 'ji!^ 4>'^' .7^' 

;M. *}■}* iJljjj aUiV jO«i c iiJIAJ' iJLalil Jp l- ^J a l J-^>' (Jjl 4r-J 

. 2_l. , i sJl JJ^AS' _Ij^ilT AtyaJ <1 oLjIU Jji- ^ jis-aJl 4 ^ 

I I - I ^ . 

Ol 4jl ^^4 c Jii-I t -X>^fl ^Ui^l A^JaJ 

^1 4_£l ^ _I '*-^ (^1^11 ^ls>Li-Jl ^j- — X j 4jl ' fl _* ^ I ^ ^pLszU a j^ ^ll i "jl «. **ll / C —L>-^ 

4 4^JU 4j j '»■«" ^~* ^-—J UI-*) . ( A \ Sjitll (_j li^"i t£"" 4 SiJLll jjjli t3)j£z. 

Jy. Jjill Ot 4 ^i 4 v»jJ' «l^-' 4 J ‘^> 4 } . (aj,L -j jl i-^c) «chirality a-J^J »jl 
4a : ^C- ^aj[^a^-. *A«* ^j-4_Jjlll /^ll 4 A> |» l.~* _yl ijjl—Jl 4jjJ_)lj A-’..ijl 4jj_uJl 

4 I^A>- jlojl ^JLP IA ^1 ■ *itf 1.UiU ^ jl vlJJj . ij^ill jljy^/l fl.<««11 

j_^j d)l 4 f 4 i£*j* jljyl }*)& 13 Dl ^ »l.i<a«ll jl I3jkj . ijJjJ Jj»-^ 

4 Jj*5il . i*j-JaJI jjilji (j jjr i-JjUl cJlf Njj . ^rjj ^1*>I -i-^ d)l3C«jlj 

0 - 0 « 

. iJUall IJUb ^ Li-lv» Cij^i ^jJ IJbu j-1^- J^-Vl li jl^>jj| j^ 

A^bjJ! jPUail ^ t — ^ 

a.AL^ 4 ^jJ ^jsL^I 4 il-«lj?l 4 aLL« «JbJU- c!jL^<Ll« (J 4 liAl JLaJ 

J^LlJ.1 aJ-» a'H jjA (j0***j ijjiai I a-XA jj . 4_4jAU A.«j«i>sJl 4_3L^»^!l 

. “Ujslj^JI 

A>. —J r» j^lil Sj^laJl (J ^J-aA-l Aj^laJ Olijo.^aSI aJLb Jjt Oj^j JLa) 

Lijbfl «jj <»" C ilT . jj_^JVl 4*o | _^^ > ‘-~- | l a Jua 4 ^U->-| ^ *-i K~ . ajJlLL)! 
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c-J b> . ,t« 1 1 i. ** Ijj . l ila . A1J-LaJIj 4*A 4P) y* 4—jlj j g ^ APvO* 4^jl^ 4«1 *j> .^y 4jyS”" 

,ji»bil iisw ^jA ji£ 01 Ojji^T^I J ,_ji»Lll iS^~i i>«-i OLi ^ C)j£j c ajUi* iiil^il 

OjjU 01 tiiiS-Jp .ij . flOaiJI j LljLi Ojj^JVl j&Ju JJ (JJji (jjL£ ^ c cS^-Vl 

' » - 
taj l-l^ a»A» t > l l 4 ^«Jap a^aII aJLa Ja^ ^ Ojl^S~ Oj>U^ 4iL-Al ^mijA i ****£<£’ ajaJI • -*!*« 

. ijjf- l^ji-p OjjS^JVl Ja» („A.iiai 06" 

aJLa ^aJI , 4« $11 o-ip; ^jaJ <ui>-li Jj V Oj^S'J'i/l jsyjj jj-i SJjLaJUU 

L*.^> cOl JS" J .^:ll JJ Oj^i^JVl 4i»*_i J^jjj ijjl^i la.Oalb <L*j“}Ul a-LSJL JjjiJaA 
4-pUM 4-..-.:ll *jjaj £» ^>»-~.~J *JuJtaL> Ojljil JaaJI IJLa 4j^ JlC Ol Ott-J ij^ * ‘--'6" 

Ol Jp' 4 i—SJI Jp ^fiy Ol t_-#s aJL-II a-La Ol OjJLj-aJI j^i viJDJLJ^ . 4-i JaI V J*p 

Oji-jaj 4JL>-Ii tlj^-l c ^ ^ c aJ ^pJj £}-Aaa ajai (^1 c ^JaU ^6" c 4 . ;L a > - J c Ojj^M 

. 4_Swl^—• ijai Lj~Lf- 

^Ul OVl UiV 4 tiLr^l jj^i ‘-a'—*»- J* *^1 4-li O .A Jd ji Aj^aII aJLa 

a^S" Jp 4^aw 4jjliail iiUaJI^ . Ojj^J^J a-AS"IJI 4 -jL^^JI iiUaJI i-^jA-A 3 

<L?lpV iiUaJI 0j& ljjL^> Ol r J L>-L* 06" ISU __<L*AUi* r Ia^ iai i_a .,fi> 

r 

Ojj/^J^J 0/i Ol 1-iAj ‘ 4-^UL| A-. — :ll 4j^laj ^ 4^ 4>UaJJ . ^JmII 

>r wi vV*^ 1 V'^l WSljJI yUr^l 4»IU 4_jLo- Jp (JiaJI vV^ 

* + * < < 

oN^UlI J (< divergent LopL’i 1 ^ *yy ^ phj 

■fs jIJaa 4— jL> V jJ-t kiJJS OlS^ ISI 4jjlf AjLtf-V ^ f, l‘ i '^ *^1 c r 4 -r 4 ' 

(3jjaJI Jj c 4 -oL» ,jXC \j\Jlaa C-.-J iJUlJI jjP tUj-ijl (J J-*aH l>i* ^Jl 4>UaJlj . 4-^Li 

« 0 

jIJuL» LULjjj 4 >UaJl Jp jjL^aJl ijaai Jli J 4jji~\ Ju-LP . Jaaa LJUaJI 
^U ar? .jjl S^IpI <_Sj)y«A j*-LJI <J jij*s)l I-Laj . SajJiP Sij-pjLI ii^JI J*^s 

4^>LjV ^ J* ^[p-l 4 a^jJlP Lp-t Jp I^J J-ja>J ^Jl JjJaJlj . renormalization 

. renormalizable ^IkaJ^I SsUV iLU l^L Jw>jj' ‘ J>-jJ' Ja*> J 

J-pLii *-ij^4 4 ^Aj^^ll ^iLl^lll J J^*ll 4 OLiJ^iJl J 4 Ijj -XaJ 

JljJI JUajVI Zjlt SjJaJI aJLa jj . 4,-^Jg^^JI ajaJI JaIj>- oUj»ja!I ^ Cj\jjy£S)l\ 
-Lil lp» oLJlfl^JI £• ilsii jH./iW Ol 0&j JLii . IjjP Jliul 4ay~j Jl OjO^J^J I 
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^ Jt t)l tll)^ . 4 jJLLbs)I iujjaill ^ [£ a j 

^wm^I 0)J t (_5l**-Jl Iaa ^ 4 ^Ull jLftijVl . ol)^i 

ijLr** g&£^' '*V jj**? j+ <*aae f Op«-Sll 

0 & 0 c 

AsS^>-} OjJ^iJl £Jja £)l (iJJi 4 0^>«.til i}j 9 - *>U» OjyiJI (iAJi d)l (1)1 

. \ V ^|^.»**il ^ ^*«(jil (1 )\^j 1 a Jijs^tf cJUII aAa LJL* bU^ . jL)Ln^ 

(J ^ $.-' liUa)l a_laj . (Jjjl^JVlj Ja^ 4... ...Ja^S" li\io ^JiC Aj>- ydl O^ylJ! Ali»- o| 

d)l n£j^t -1 3j^ i lili . la.^iallj ^JLLcII i^JL«Lj^<|y^lVl (J |£"" d)jy^fi/l ihS' 

Jal.;:.*l ( j^Cj • jjf- OlyyUI »JlA l^JL^ ^lll iilJaJl j|jlL* £*y/i< ^giaij Oj^^lVl 

d)l (l^ylli ^ *ll Ad i i * A | C_ilT L«l^d . Adljall ^y>y^a^-. (.«jLj^fl I»L»a ^A»*d j.. ■« d t 

* * 

jaj . I^r A»li> (_j <—d)lT jf c I^M» lf*Jai3 £pUI ^jJI OlS^ c »£*-*» lfr4ai 
d)l <u^C kilIJbj t aJI (J|c izyty Alay (J c Ciyyi\ V ^Jaii f~**r ^jarl 

a^jU-I olijyllt aJL^" ■)■».>..u d)j^£jVl d)l C->LL»^-I . A-jI^" liiiiC 

jj^lL* d)V c Vjl c di! i} . La ( j ; ; J a: )l ,j IJ^- i_.< » .^>l ^lJa::>»Vl SjU-I aL»- 

LJlfj . ajUjJI Ia-L>-I l_-^j t Sj^laJl (J I—^jI ^rgiaJ ( Ojj^JVl A^idi”") t£j >-1 aJI^ V 

bjOa- UiJ *3 La . dy^Wl aLT tj Jali loa-lj LJl^ V L.l$^ JiC \ V JSLlJI (1)1 

AiU. <«-*< Oj>^D/( i • A j 1«« H *JL» Jli*l d)J . ^Ujj Lijyi j-‘ -»j Oj^SlJl . 1V 

. jj^ll W')/ «J&l «W 01 ^ v-LJ-l . W>^ 



IV 



")} ii—L. jLiJI IOa J 01 ...t i isyuj t j?yy jl-Uo! j* Lu «j-U-Lj 

r 1 ^ 1 k - j y^ p 0r* i— j* 1 j V Ol j-U dUi ii-J-l /y> 

IIa U-bc* 4_Jjaij . LlSj-U-' if-U- iJaJl 0j& dJUiS' j£" bli . 21../.»-^ 

*•*■* Jf Jiji fUauJifl Silpt Jaii U*-lj L^j ji Jp jb^il loL, ob^ «.tjJl 

frUj ob^>dl «o* C-yls-l Oij . ^UU 5LUJI ^aUU JT j* iJ^\j iuo oLV*>' 

9 -**j . SilpV 51 li ^j^Jl ijab ji 0*>UI JJ L.lp j*^ 

* AjJail AjLjjJI 4-L^aJl c/*J ^ 4-*Lfcj aptj a 


5jIp| ^JajL-J ^Jt a Ju>-jJl AjLiai-l 4jJaJl 

4iii ji Ji* . A-v 51 ! LajcS^I 4 l$iy^ ^Jl oLjaJl ^jA t L^*l,br. wl 

. i£yb\ (£j*-\ oIjJ aJ Ls^iyT »-L>wLw-1 -ij 4 Jt»>X» J^-Jo 

SJUilt AjJaj^ 4 ^ljg;:-^l SjIpV <LLU AjCJiii tii : ».i)l JpliJI ajJ iS ^ 4<illi 

# * 

4**j\o>“ ^i*^j 0^3 lilS^ Aj ^ .»****)! AjJsd J| J .»£fci»sU 

. j^>-ljJI kiJ_>bc^l ijAJ J-Jl jjp «j-OLll ^ 4j^JaJl 

ijJLlJlj . anomolies ObjJLiJI iJL~* 4 oLIl r ;*>yi IJL-jc iJLjj SJU» 1 bf t iib>j 

)) ^La j .llii ^p 1 bj . ^ _i S1 ( L* l_p_y . »jl^U 4 1».iJVl 

L^iUrl Lc JjJdLLJl AjJaJl ii-Lv» jbo Uj^p i t L* ^Ja; «quantization 
4 t3>4iaj > ^l ^j.,ta>- 4 4jJlJLtlil 4j^]aJl IjJsLj 01 

-labi^-'^l OljJaUI 4-iOv'l 41 .,aJl ^_. 4^U:U 4^4^«^J| 4jn->~.lll (_j t3_^>" *A* 

01 4 4 4^1 • i— 4 -biil Jibi^-'^l Oy^)* <3(_^i ^.<aa7 01 OliyJLiJJ i j^i 4 iObjjiJl 

5ij*i ((<L>«i)) s-bj^jiJl (j t ji:jgii>«-44 jjp JOb^^Jl ia>xOJlj 5iUa3l 0_j^< 

«ul^Pj . jw l*^j<j (J Jju 01 (^*d Q Jila^-l 01 ! (JiL l5}~~< OJJi 0->j-L>- k.a,S’ 

OjJl^ 01 -bJup . iOlji ,J-*1 ^*j 4^0IS" oL^S^ 4 LjIj 4 (Jjbii 

01 . 00 X O tl-J-1 (Jp «iJ-LP ^ J-*^ Lyyb 14 01 Q jJC J_b*i 

i$ jjl I-4 a . SijJji a^>£' 01 4 >_■ ■*h-4 i^JtUjKJ 4 14 li 4-»— />ll «JLa 

. Q Jilidi Ojjli liijiJj 4 jjr Q * •i'Jj I ijJLi U-UP lOjJLi; 



kjjtt yji ^ r — > 

i t >— P ^jp L^>«Jt 

1 ^lil' jl^Lzifc' t oUj H .- tl l L _ r ^»j {j^ ■ bAj ~>_y* aJ->-^ ^1 

* o*^ J ^ ^ 4 A-* 2 j^aJ' . 3 Apl^ t_3 J& iOL)^>*_J' ^3jjJ 

ji j} * 4 “^^' aJUi!' Aj J&j j l^L^. A-J-^4 i ‘k^>ytS' ^JLaJ kjjaj 

4>^' ^y Jp J^jJI J aj 1-L>- U>^» yy y^AS" —*£^ £**> o' If * 

OOlj g J a - ^ ^L*i 'A>- JjjD' ^ ,. i^ ■ > ^Xj . l&^Lj -bu ^Lj > yL>- ‘<4' 

Oy*^- ^sJLi' a-i-A -bLP 'jJ-b j' jlSj . L*u* ylj?V' .iLftjV'j AAjLsi' ^JULi!' y T ^J| jLj>y)' 

jjL-^pi (J>ij o\—-y*-J' ^_>-'j' Si jj-b>- y-*-* 

s^JJj t oL^jjJ»' jy*J' O^JjlsO jjyl 3 ap jlT . G.Veneziano 

AjUaJl aJL*J\ o>L*3Luaili LpL* yjaj —i 'T ^ -b-bjJ' ^pLiiJ^ bb>l-5 bbL—4-' 

. Sali' «.L j <Sj\^]\ aj^JslJ\ JilyJ j' JJ jjJi j'S” . ^_4.l olyJj J 

A_jt t' -L>- Oy >-^ . * '-£•'■ j>“ 6 ^3 ' bbtijj-bU y jljj' 'J_A ^ t ^jjJ' O^" 

c * 

( jL->il) resonances « oUlf» *-4 LpU^ Aiy> . aJU 23 “10 

Sjlii' lb~' y* 1 —>^—^ ^_>j->^ Ij _*A-j 4 j ^ t oU---> a,-».*».J t '-b>- t lj-\ 

t w £ c 

—• Jl oJ oGjjjJ . 1 ^U_A^* j' j_r- a;i j' ij •>_£/>-' oUjjjJ» excited 

OLjA]' a-Lk ^»i ■ i -1 Jj* . oliai' djip .~jU . ^7 l«ii djip d»jU^ 2 ^ -1 

»-U i_*Uii ii“>U ^U- jJji' c Jttj . ( y^* 1 1 ) Ijjw JlP oli 

2 

# > -Z-' 

ijjb ^ L*A—>yi' ^jU 4 ' <5A> ji .^wAli» 

c <»Ji>-^JI t3b" L? ‘ <i' J^>" ^Ir^i 

i # * \ - 4 c 

Lly>JLA \_ 3 rj _4 jJJi jl>sj . o^iT 45 aS 3 >* 0 ' 

« . . i J 

0' ^.p) '0^ • ^_......4 aaL s^iii <>--ix ^3^ ajLLJi 014^' 

c * 

C V' jlij ^ ^ JUj J* I JiVl Jp <Jl^3!- Ja*j' (j t jlT 

j' yJ' ^yUili . Olijjjj>' ^ 4j y Aj Jiaj j j u j' •«>ok Jb*-U V/ -j L> psV' ^ry 

j' 1 4' a*• -j* . 4-0 Ly 34 |pLiJ or,lX" fi-b* t AjiSj' 4 ^ <Sy^~ a^Uj^jla' 



Ju SyjJI j\ . Ju J-^2J («i 3 * ® J - a> j;* - -^'^' y~°- j - 

Jl>- ayil'y . iiLJ.1 ->lj. 5 jL jl_Ujo t L-^-liS" t A_^l>: JaUlil yy £-* OlS^lyS-Jl 
s jjs ,Jy . AjySwJ' otylySvJl iiiS" iilU ^ALjaj JpIaJI iiU» jl ‘br-j-'J a-b-A-i OlS^lySL'l 

jb Iaa y 3 . J olf'jy&t J> ^ v*M l J «-W* 1 '» '-jjM 

. j**' Lt-i ,^-J iSyA-l 4 _.Uj jJ ^yy!l ' 

A^.yL' A-L-P ySi <s}^ ^y 1 ' J - b ’“' -^y ‘--V' S? J *°-1 

jfijy . Jaii ObjjyJl owy ,Jfr j_y^A* ‘ aSjV ‘ '*^ 

._».:■■« \ ^V • fU . AjjiiJ' Sj-bb ^ya^ £^0 J* '^J- 5 

. ol^yiJl ^ ibli byj ^ A.Neveu yiyj J.Schwarz yjjyi 

AjyyJ' AykJl; fl^Nl «Ju>yy ^y^Jl yyiaj" J~o>- M V i ijj 

J.Scherk a^aj y^ly* 1 «*««^l jl <—-yj* jl y^jC jlSy • bbljyj»x^ 13 77 

jl i^Sv-ll 4 j^liJl O'A^vjb* jlS" Ai* . jy£j A~«®l yS"i y-^ Jlsf j_j 1 $>IJjwj jI^IaI 
AL^ . J Lj ^ ^ A;...«j aAi^II ^rAp I ^ ..w •> - a. b> 7 ,..- -* AaAj ^ill *■—aL^****^-I 

(<r JLl J 5 C. jyjlyJI J*U>jt aJ Ia* ^ y-* ^ l 5 ' ^j-^' 

^>- jl t yjlyi? iijw- ^-s' tf ? V'-* VV Li ® _ t/* J^* • 

• ^ J 5 " ^ 

4 : %Li si* _ __■m.:. 1 ^ ^5" yJup c.La^ ^liu a^^aJI ®-La 0^ *XaJ 

^jijt' jt)\^* v -^^ - ^ C—A^P frUJi 

olij-UiJij oLj^^Ajl^ _^jsbjJl t^J-A-lc't ^i^Jl 4 M.Green 

c C «c 

A*-jiA y^*J C-lS' j»jiL»^-l jl jJLflJI Ajy»w< ^yAj . (jJU ^]»Uj ^Ij A-ilj»l jl«jl i>-lji-lj 

iijy*il iijjJ-l 1 1 jj y.^i _i *.■>-..^«1 . ^Jl jJo jJJi jr ,_y^ . Ajjlil jj j-Jyli 

• ^^1 i3 jv^iaJl (jvJLy-ijl ^^aI ^y* yij dlyjl ; ~ aIt _ 4 JULij! 

‘ yjlr 1 r^* j*- yyy^ jr*j L,J ' i) ' J>^' J ‘ 

" « < 
uJi-S^ K^fSyj t \-J& j jl~* . ^J^-AAlllj Aj^laJl dJufc tw^L^yl ^P Cj^U-I 

* . p * t 

4 j^laJJ La>- iJU-i.! 1 .Jajl j^JL>Ow^ . <uLa^***.U j y&yj 

t t 

• v^ ; - 4 ^ 

<-L> 4J jl ^IJbr AjyliJl jl ^ |^* L» 

y>-^ > £p ^P^ Jl^“ jy* Lpj Up ap*M-j wJ-L>*_1j 


V. 



jl ib Ijl 4 Jj^\ AjJ&J ji L-*j\j y y^2y±\ ^ Jub 

^^ 4.h^-l-wJl ^ ^IaJI ^jA I, Ujjij aa-.^aU AA b——•-'*- 

t LiLi^l Js jJL!Jb j^J LjN t reductionist JJ^Ni ( ^UJ' ^ jl JlJL ji Jo c j^ ^Xc 

^lli A*w-L-Ni j L>t£j ^l*Jl UlA ObjlSsJi ywsi 4 Ji\i ^U- 

A^yjLS- 'jy) 4 ^JL*Ji ,Jl>-^ jl j^i 4 jI^P *!>U . bL^laJi 4j jy~~» j^^Jl ij-A i_A_L*ll*j 

-il aJlA 4jLlS^" j^y^J (_$.J . 4 j^J^J i 4j ^JaiJI i^PjAlJ Sjjja> t ljbl>«—<P* 

4 4 A^- L«Jj>^ . ^ iJUb ^P ^*_*j 4*A^A.>- 0 4pl_LM^ W -X>-yi 

■ Ji s>-\ J ^j^s—lu jCi *)l 4*1^: dplu jl 4--<*-Lp djAj 4 4*]l_di)l 4j^jj J i* 

jl (_£^J *A^ ^*Jl ijl^j ( J^"" j| Ji_jA> jt N jJJ.5 

•■ t 

^ $ »'a*j jl >- . pJL*Jij 4a**J-aJ1 Jjw? ^p <w3aAI O Ua>j Aj5 jv^jjJl Syfy^r 

* t 

. iolaJi O^blSil (3 ObLLjNl dAJb Jj& bt^i Jjj . p|y& b^Lailt dAA j\j 

t * * « * 

^ j!j jj JL^- ^jJ jjjl ^A 4 4-ip Lttil* LjLA- y-**! I-La j ^jl AJilnj 4 JJ»~uUj 

. ajj}ojS\ oJLa L* jLb^Jl 4-3 L-j^JLp Vs’jjZoj* ^%-i*Jl 






2 


jyr 


«iL. (Caltech ) ^UJl [JjjJlJK' J.$j<x ^ » ,j y}y-- j>=r 

^C-«>a £* V: lIUj I— oj-a*-} t jjVl 

. iajliji jljji/l Uloi \s^’ ^Ja^\ a^J' ^jA 


^ . i.^i\ Jaa» J^u Jp\* ^\ iy3 V*AJi\ oW-ir^ 

<T^\ ^H v ^ J6. *ii U ^ vtii 

* *■ « # 

^l)l aJI—J* l ^jp L/*LC 4jib^- aJL —* ^jj>- 4Jjl>^ 4-JjP Aygj AjAj^, la-11 

< I c ^ 

V* —^1A Jv* 4 J-^l j C.~~il -Ui . »jJ' ^iaJl a-i* LfU~' j* »A>w_j 
# * # * 
l Jl Ul* j ^L>wJl ijji OjU<»! jl jK^ . o-bujjl AjjjJl lyi Jl ^ ^ aJ i L-j yL" 

iijL>Uj^y_^]l l$£"l 4 (_Jj»-l ijjiii O l ,., ;.a ..~, l l Ja—i^l j t "5C*IS~ ji l^-bi 


JJIa j-X i Jj-A>- ^ 4 wita O’yte-loJl w*—<»j ,_$ 4 

Jsu^ljl ^ ^^LJl f h»* ^rN* <!>-yL' >iii< cLj' ijy^l tj w r* 

t^U (J-^ 4 «iJJi ^Ul L«j^p oUuo-—Jl 

( J c Jjar 4 ^-Jy> ^bjs* £* C-j 4 L-jyiJ viUi cLJI ,_j _jl 

J L 44 »-jy ^ Jfflill jt Ua>N oij ‘ J 4 L* 5jlj J jlT 4 J.Scherk 

c 

<j^Jl Oi ^ 3-^A-iJl Ajj^jJl 3 ^j& 3I wAw^J aJ^I^ <_^-0 t AjyJ^Ji Aj^ jajjt 


Olf” . Jj-i-islt ^UaJl ij u^i ^ ^ y J>1 ■ 3 ^’ >—-jK 

* 

<£ -^ji Cr^- ^3 L ( Oh—^U-uNl ^ Oy-^J ^;Jp \ -b Jj^L 

Ja^Ja]lj oK^ t*i> ol cOyij U^" Ui^J . dUi oLJUjJi 

iSj-*» ^wO“l Ijjb 0|^ 4 aJL^J! ^ Aj^ A^»t«Jl j^jLuijji Aj^JaJ ^ 


vr 




iJliiJl} . iJuill lyS\ 1 j*£jl <J t J-^5 <^LJI j^—4-l _jj^'> ^Jb <^LJI 

f K 10 

i t_ a * ^ . dJu JLjLl Ajji^Jl ^*jp t_A 

^>0 ^ Ll-ip ji lijji c L Lljyaj ^ ^wJM iJUt jl ljJL>-j Lil LCj . Ijbj- 

jL^»bjL jS"" lij jl^ SJLjJLiJl S_yjJl SjaJI cJa..^i) jly^l ^1-L^u-l ^j^i*» 

. <JirW ILa ^Lp ^_aJ l^l ij±3 j>-\ a^UI £• U>-1^ jl j 5Jlj5iil Lfr»U»»i^l 

• 4 ^ 4\ > 

( i c * 

jl j& i Jjl ifar i jLJ *j)1 c U -L>- JJ AjjJLar- Jaj S^UJ Lili t_—Llaj -Ia) . 

. frjJl J LS'lf jil^j j*~p\ <jj£j jl <—jllj^l 

'l tfi\ Aifr t$ii\ j^\ ^y\* 

jl jLj^I jl a^jiil OjIS"" t «ly^JI OU-~J-l l_jL^>JV jLj^l; ^^Ai L5"” L.UP 

jJ— X>-y_ iJLiiJJ o . 1 j'^ y'. ■ - 13 — 10 jJtij i L*Lc i|v-]l H J*"^* ) IL j^Svj 

jjA j-L-al N isrj-lJ yu^l ^Aj t jJutAj JjJs ^^P-b • *))-*iJI *—j 4j j>~y Jl^l 

i a » 

Jl kili^ |J-~> i-~i jlj JjiJ AAjJ» klJJi ^-jp jj-AlU} . »J* ^®10 k_J ywsl _<£)_jJ! |JLJI 
ywaJl 4 jJ\j olil—• (*UI ui| l ]_r > ^* • *- » »— * ■ Li l i^iaAl ^«Ia» Jl ILa - - 5 " 5j-Ul # t 

C « 

. LSy^ «JIaiJI <L«jl>u*-AI jIjj^I O^ - 

Jp Ij^ jl Arj i ^ ^Vi ^lp <■ Ju»-jJIj iSliill Jsfl ^1,1 > « T ,<I jJ> I^^A^ 

* * - 1 I I * 

Ijj^ AyLoU 4iy» ol» t -A*J • Olr** - J 

( f ( 

4 ^ ^ V ^ oljjj 4 aJL-AI 0-lA J_j ^ *Xa> 

. JjJ 4_j 4^jU i$llil 


0\ijjpi\ jfr ^\ \a iiVUA 0*\ ^ ^ 0\j^fli\ A jjk J\ ^2bu Ci\ Ji 

^ Aiyrj J Pyjk }^* ^ ^ Jfc 1 A£^i\ ‘*^\ J OVyijji^ 


t O^I^5" i « Ojj^il ji «jj-aSI CJlS^ i ^ij*> fy&H ‘ (j—*»- 

ofe^lj^Jl «Ua Jpj . L*U jj ^1*3 JJ ^Ijjj Gell-Mann jU J-p lfl>-ii Sj^i ^aj 

^Jl Sjjal! ijL^j dj^aJl liJU-Lj 4 U d^-Aj La» 4 ^a-a< 0 ^>J jl 

l^lSj OKjI^Jb j^ai jl «-^-»1! • -IsUail jjA ju) <dAj Jp t La» OlfJI^Jl; 

A ^ 

. jbjVl a La <_ilj»l -UP 


VI 



.V* \ju ^ja 


. l-u 

^ ftjjk ^ i» jn ii y ^\ o\j^ y>\* 

t^JDl 2 l jwJ' ji <b£J' joJI jtwJ-' bJJi ‘. JJi Ju, 1 ^£} »JL>-tj t olyjw» 5-it jlf 

4 

. J Jj y* ' * i W*l^i ^b-^byi! djyij 

j^j j' ■_ L-w»bj ijJaJ' klJL-li j' ^A ciil^iaJI J', ‘ tiy^* Ajy*—aJt 

C (_£^>.1 ( _/»J'a> (Jp- 4 ijjai" ^ /S^ -sUj' 'i Ol^*)l' 

a,jujj P.Ramond _u*lj jw IaLu' t 5^ <jjii jj • '-*-*j ^ A -~* Ji *}** 

Oli Sj^J' «Ia ^ o' £»l^ i Ij^f- J' jl*Nl ^op Jy 1 3 ^ V N ^ lijj A.Neuveu 
(Jijf j 1 jl>- S^ja>- jIaj! ^y*"3 l)K^ * jlfcNi 

i^Ju^U t { ^ A j j\jyl 4 j^\j Jb*-^ t oL-J-l 

. ijjiaJ Jby 4-iL>j liljyl t flUa* V 

\ *\iu\ ^ \^a£ ^ £ 3 ^ 

(J J- 4 L>>- c—-uj —c 5“^* (J* i J— >_ 

V-U .sIajI Aaj^I ^p 4jjJaJ> i^jOjjstJi Oy^ — L Ja j l Jt l-i-A 

e 

y* j' U-.; l^ir ouilS" J;..-'! 'oa j 30j-U- O — * » .•» ojj —^ j' a^isP ^ 

# < 

* 

^3 \}^ J vSyMN ^»N—1\ (^J^-\ 0\j^-\^\ IS€ 

^ (jr*^ 0^1 ^ • vyii\ j* ^j»A» jw3 oW~»9r 

IjJ* . 'Ojy ijjj^Cj a^m 1^-3 J oOA 

s^j l ^ oj»A l_^ iSy^ ^ L^-* 4j>t—o j\jo\ SjJlp Li 

. ^^Lii N yu 4_J^*>-Ul 

• ^ cN—toA 0\>*\^\ jaw <XJu5i\ \jie£S cJL/>\ Ji^ 

C C I 

Ljl olp oliv^ oJby Jlij . \y>-j t_jL*A»V ^1^-^ O-La il.-«.j«J i JLoJ . 

J pL.,.^1 ^jpLij oLi-^ AjjjJl Ojil ~ Aj -j^ 3j j 



ajjIjJI *.L-il ^j* tiil-ij j } ,,a *- <Jl*Jl oliUaJl 

. IfO L*-j oli^USl 

«W \Jta cSjl'i tiW^N ^ vJ\ Ci\ t\* A»- t ^a» (. v\^\ ^\ ft^oi \jJi*\ \'i\ 

4ki)® 6 * 0\ 3 <.A»^yi\ 0\>,„V\ ui'up j\ ^U^i\ ^ v^i\ 

tt,4N \ itk 

iyjJl a^JLll (j A^^li^"" ^*^>^JI <iJ_*Lj^4<|^Jlj jjiyju jt_li»JI jLv) ^1 

jl L*li Jjji*il jJJi _jJ-j . I-L>- i>w>l^ jJU j i—jL-» 1 jl t_$j |j . S-b-LiJI 
J* . 0>li J-^r 1 j^J^l S^lpl 01^>V1 j 

^1 >jVl iljL, JP Lilaft L^Lj LSJL. dJUL-J 01 IV o>Jl IJla j JV^- */!» >j^l 
^l| ^ jZaj f 1aa ^jA Aj^JslJ Ox-j>waJl . L*Ip yJLp J-J O>-ySl 

jtS^i j-Lj ^Jl OJlIj j\i^J c-.-*»/?! 4jL—^ ^U1 Lil jJL j J J . £jJl Ia-J ^ya^lp 

. £jOl ^JjJl 1—>-j-A-lg 

4 *'(^'' ^ hjO& \]g~» 4 J»Wi\ '&£> CJC \i\> 

9 - °Mr' vV}4 4 i - ) y , 4'' ’**«&» 

Ajl-b C.-'S’ j^JJl Liilol j\»- i \ * ^Ip tJuJI 4jax» OjIS"" 

. iyjjdl jUj^I oli ^JIaaII i ~^\jJi\ iJji_jl jiy& ij 9 y* a ^~- -bi~* £* 

t t * c c 

L y?l>' ys>Li5l ^jj oli 1^1 oIa 4jL^ Sj^JaJl aJu> oli-^ ^jA vi JS- 1 ' 01 -b;l jJlj 
oLj^J^ OLpJu 4j y^ainil «OL+ yd "! J/* 0 ^ >au^j 4J^P aJj ^LaJl ^iiLl)! lOr 

• ^Jgtjij 

9 oW-ir' J* j*ifc *a\> jfr U-i o\ ^ ^ 

(^jj_^Jl t ,jyLs<aJl -L>-l ijL-->j . ,jyLb^ <j ±i ’ .. 4> ij ijj. <a:«l l ol».> — 4~' ^1 

A-L*^ (^Ajl ^/^1 A^..A> I 010*31 Olws> C 

o<X~>~j A_*>*jj Jli^l tOljjj^Jl »Olo*^ ^ (( ^w^JI )) olp ^2+***j ^«ijl jAj 4 

, l^ —ai a_L>-pl idJi? Aj^>ji jLi>l Olj^yiJl pLy jl jj c A^-jL^I 

^kJi iiji— j> jo t ^^Jl l-^>- 4-U^ ji ^ybj < l3j^J 1 

5jU-| 01 jl c jj-Uill 1-i-A f.1^1 UU- ^p ^A-J 01 i 0v f.ljl 

. aJLJl 5jL>^l o*xa k. --—* 4 o1j^^*^a11 . 

vn 



. sJiyPji ^ ^y aL-*^ £>\s&\ o\ viyfi 

oljjy5\JVij oISjI^Jl u} t Iju^- Jii c <Jyl 01 u*f; Lc^j . ijjfc 

. oiJjj jj oUy-*iyJI} oli^iil O^j 

ijo ^A£ oUm^ 0\iy^j.i\j p \w^ CJ>\iyJ>j&S 0\j ^yi\ ^UU 

c c 

. ^JbyC11 S-U>- i-L^ lilli jl JlL^-I 

(ji^ . "*±j*J^ *> jflA\ «iy Jp\ *ji ,m'S\ £ ^jfcj^- jfl'j- ^\ii\ JSAsiS i}\ ^yu Oj£ 

^ONjt^N ftifc 


* e 

Os-W- ^l)i aO*3i ^L*uVi Oli AjA j^JaJl <jl . OlpyzJl aJjjJ^ aA^JL* l^l 4 

aJLaiSI Aj^J aJ OJJi Jj>-I OlS^ . j^jliJl aj^j ^*>L^ JaaJL oJt£^ ^ ^Ip 

aj^JslJI oLpoIj ^ ^ V1 ^Lp ojiOJ 1 Jjj a_ajLaJ\ aJLaiII ^p JJ Ajyjsu c jjjliJl jiiLij! ^Jp 

. JjjLiJl ^JjJl Aj j(3j _T^\ Ai}y*Al t ji^UlJi 4-ftjljaJl Aj jJ^Jl 


» j 

^ tiJP 4 yf jjUliL 4 0 -L>-j AiJLiJl A^T^ll A^iajJI yj\^a>- A-^p c£-AJ 

^lll A-^Vl A^JlJi Al . I-L>- djw* cl->^ JLai« i jj^U-Jl (_£-L« ^P 


Aj jl flj OU^L^ w *yj lyl-J J^ySl AJjl^- Ol aJIAj Aj^ jaj ^ Jl)! ^P 0->li"" 


AOo y^y y 4 ^jAl AjCJlP AjJlpLj ^ ^J.1 l_^*p JJjAj OLjL-J*- ^Jp 

IA ^ Aj^-I ^P ^!«/2/>xj 0^ I-X^La« * ^ aJw^P 4 ^Ls<ail ^Jp 


^x)l Ipi il^iJuJ ajC^ j-Uj jf . aJIa^I ^5 a-^5^ o 1 jI—^>- aJjIp ^ jJ 

t # * 

. frL S)l\ »jj> 4jL~Ia« (j 4jJLLk}I ( 4.J»Ij^ \ Iwi <j-»L«Vl 0'*.,....4-l jOtT O^tS' 


Jl«j otj Ol>o islLJL) dJjLi^l 1^1 ^A ^ - jj'' 4jjiaJl (J jll ^^.iJl 0U iJL* ^Jpj 

* 41 . * *■ 

sS*} L>«^>«.-^Al] i L*JlP 4 Lj) yfib Ip* aVjJLs»-j (_$jjl . \j\3 3 \ Jb>-lj 

- C ** , £ . ( . 

^ 'j* ^ j£- jl-lpl 4 4 ^*^ Olj jljpi ( J-4a>- 1 »IJj 4 *i/^ (j iILilU 

(JjssJ <u»Li* ij^plij ^f- jJJj Jji ii-Ui o£~ . Yf** 

. \ ^AY j 4 j Lo Jij 4 ^-iY A l - ) ^" • 

. t- * 

iS^~ t (>b 5^^ t . AijljaJl ^jCjJtaj LiJjfj 4JjJjJI (jj 

< J * 

. oLlL>- aaI*-< oli * ( jl^>- A>yiil j^j^l a%».*..J L* 


vv 



30 LaO£^1 £yAA 4 Oli aJL^II iijLiJl i^Jl A^JaJl jli IJLa ^pj 

l* 0 -j ^a^ 4 a-*Ia Sj-> oli l^l jjw Jjy . -b 3» AjLI*> jIjjI oli ot >Jpj £j ./? jl^^lj <jl 

* « * c < 

. 3J-P A_**1^.5 la«i)I ^L*> 1^1 ^Ipl^ . jjloJl ^***>-l ^P iSj^'■"' 

^ £ £ 

A^l—-ill bjj^Laj j jL^i-1 j UJLvl ^i)l JjLLJ-I ^j&I AjLJL>- 4jt«JaJl j jl 

jfeUi Oli Aj^JaJl 0^3 N l) 1 . A. j i j jl AjjJlJIj Aj^LJI AjjJlJI jjv JjJT ^>-j ^Aj 

aJp t_3jl*jdl ^iji 1 ! j a>La a^p\s>- ^aj * aIjL^LI JlpJl p-**b 0 *yu L» I-Xa^ — Jly 

^-£*j . a ,, ?atf-> fcJLil OlilUJl J Aji <Oyu ^jJl ^i^iH 4 3AjLaOII O^P-liill <j 

. AjijLiJl Aj^Jpl Aj^JaJl c-i^t <j 4 Lj 3S- a_j*-L-1 Jjetj a^j>-j ^ ^JaLj^l IJla 

OiO'l ^lil AjSjLiJi aj ^y\ JJiJl ^JjJl ^ 4 Jajb 3JL>-1^ jl (jw JJaJ 

.1^^" ^O* IJLa^ . S^i^Jl ^IaNI ^ A**-L--l A fl.yafT" ^Jjl^il jiaLlll V 4 0*^1 

4 A«3]a;* Aj^»- 1 ^JaAuj lJb*- ^.lawll aju j*m ^1^ll ^laLj^Jl IJLa ^p ^l)l Ob^^aJl 

. olijJOJl 1^- aJws^ oli ^ 4 JJj Jb*# l^S*"i ^dl oLJl^^JI 
a«s-^?L>“ 4 jLipVI 1 %-^JI Jlvl Jb*# 4 wJlJLc Aj^ttJl 01 ^a 4 Lla ^-L-Nl j 4 

A.j^^.^Jl < 1 *> .,.a ~ 11 (3^ * A_LP 4jU-V1 ‘i ^JL!1 (Jl^—Jl^ ^ La a . w^LwI AjjiaLj 

4^-t-Ui c-^LbjalJI IblA . aJ^Lc«Vj a 'aVr.A j£, Aj_^laJl *3j~^ 1^^* ? bj**&3 ^1 _^»LJ1 

4^1 j* ylaliJ Oli jS' oL^iaj lJ^i«l jlS*" jj^L* . ^ ^1y* ybtJ Oli j^P Aj^iaJ t\j\ C)j£j L»JLp 

f t f c - # { 

i^JJj ^ « 1 ^ 3 ^ 4 

iijLiJl Xiijji\ ijjl^JaJI ^ 3 jl»-Ij Jjb-I ^jA L)L~>- jjjjp £* c~jj>r\ S ^ A i (j 
01 ji . h,.t.a^l Lt-i aLLi^l ^JJl jl^i . N ^1 <±sS£ ijJLiJl IJu OK" li^ d»j>ci 

A^JI 4 J * A-wi> j* jS' A^isOl L ^jaS' jJjcaJL .OLia 

LjJLj-:' i/ \}J& iJllA Ot ^il^iU . Sj^JaJI JbJji/I ^Lail (J ^s)I A^jU-I 4jj]o\jd\ 

i l _$jAwI i joLw jJI ^Svl . ijylaLJl 4 j-* ^jOy&£: oL»l^>i[l ^ 


■.< «* • Ai* j? ~ : .r .7 1 ‘ ( iJb ) ^Lr ^ ijlp J^>U£ j' ^LjaNl SjLjJ -Sx (★) 

0 Jyb^ 4 <ir0-' ijLiVl L^_^p Uli . pl.,,.1. jl cJB' ' -r- ‘ iJL^ 

{f J^i « j - A*i ' Ujj t ^ ililjf jl y ij^jA Jk »Lj oli l^J i^jib^l ^ Jli ^JjLil jybJ 

(j^r^ll) .(ijJy iiJljf olijl) jl»Uj Oli jjt l^J 


YA 



p 4 

«•La ux <■ ^y-Jl i!U- <j 4jl |j^>- j 4 Jaii «ji>.^ j 

. ly ^ ■ /? ■* ^ AJiJa*> ly-i ^Jp i, — \s6% 3JL>-i^ a^JPOUl 

^Je\ (i *--»\«H\ (5jii\ j O W r ir\ i^\S ^ JpNyi\ jA \iiJi . i)ia ^pjj\ ^PS 
^ oVijlii\ i& iyrj <£j ?iNj >3-^ 

*^>-*\e* _$£■ AjJa^\ . AiJiaAN \Jy*£ \^\—^i\ JeL^i 

ie>ji» 4iSNii\ ^\3^i\ £ *j\*^\ ojs'ijA» o\^X3 jiLl\ ^ A-*^ 
4a^o^\ ajjk Uu^e AjLi . XacAN *Aii\ii\ iXtt ^ie\ ^ V>eV ^ji\ 

»i ^ \Aa ^ ft^\afc\ iSufUS ^x\a ^ LsaJ^j 

aJL—<• L y2>Jij J-i oL<l^»yi ^ jJp «Ly»U-| AjjliUl a~JI 05 

. SO(32) Aj^liLJI A*JI «JUA . ijJLiJl 

* t * 

a /k\> •. a 4^jLx>15^ iJJj A-jL Ag^JaUj A*jj \ ./Jji L. « . t > ?5 ^l 

4-PjJ aSJI» ajjTj Sj^laj kilbr jl 5jl j-Jl Olf t_~jj»Jl . Es ^ Eg l^c'l^ iSj^~' > 

^jjJLiil ^-^JaUiSI ^jA lyj A^jli aj^Tj Aj^jai LjaS 05S"" 5j^a^ . ^>Lx!i 5 Jua 05 

4jj}sL* 0XLc jl Lj^J i _■«!«>< Oj^a JS A>1 Ijj OL jlsljj ^P ljjtp i l^li^p 

« * * * 

^pLj j*—<l> ^jJl tijijiu i OjT.-i^j aj»L>- a*jjI ^ LjiJ^* Li^i jl J^> . a*> 

C-it^ . d heterotic S^jUil jLyilli U*^ - ! /^jj_j_L>- l^jLi^l 4 tiL^5 O^—j^j 

^^p -L . : —7 Aj^jiiU Ljl) Vll» C-ifci} t Eg xEg ^bld\ c5j^ jo^iaJI 0^5 -a 

. SO(32) 

jJ-j A^tUl 1~>15 »JLa 0N c ^^a* 5 U 5jU 1 EgXEg >S^- lijl*il5 cOlS^ 

. ‘i-.y....^-1 Ajj^iJl 5 j^j (_5^5 s_. .^a>-l 

< ^.'Ui V y> \jygit \JA J>y^\ . JA ^\a\ \ii\ jJUl 

)# * * 

^jAj . L«-la aJL^ J t ijliil jlaJl A^jf-j t . 1 —.-J I^a-^ Jljj L* La^Jp 05 

f . ■* p < p p ^ < 

LJ L» Jjill ^lx>L 0i . a ( ^-> jr j^ja Oj^ Jala aj_4*^ "^ 0^ ^ ' ■«■.*>■ 

c • * * 

(3 ^ • oK"" 1^ ^Ji J-«j ^ ^ ^ (3 Lls^-S> 1'jtJaJ *A> 

* i p 

Jju Lr^J^* jfcp JLa 3 ) o^Uc* oLj^JaJ c ^IjuI o^JUp jj 

* oNl jS' ^U 4j lIoIj^J ao ^ Jjl* Jlu 



i) . ^^31 i-l*Jl jw;..^a i jjP .jam 01 t 4Ji>-V t 0l ^** 

LJt>C L»»—J I j »0 j*5Wi SjjUAl oL Jad\ 0^0 01 c _jXj U jJp t ^ 01 OJJi (Jp 

. JaaJIj 5-A^-lj ijjlaj la^iO Uia£ Lf t Sjil^u 1^1 OIa^JI -Ob ,5 Jl>-I^ Aj^laj ^ 

5A>-lj *jjiaj -i-Ujl IJL» 01 4Jl^»| j J>l bjj -kJji ^sr®^ !-i-* ^ <U^”1>«Jlj 

. Jai* 

^***»ji\ 0\£^\ a\*A j* ^ o\i^ai\ tjjk ^Ai o\ oyr ^& ' * & £*» StU ^ViM 

aJI —*a 1-g^ SUjJLiJl d^JsJl ^\j jj i ^j|jwLAI ^li^Ji ^ 'j P IJ^ 0^ ^>*jr 

* * * t t 

30 jl ‘ *>>«jij , ly«i ^ 4jj»* 4—^LnoVl >•_" -^>« ..|^ 1 c L &^ <JUi!l 

jU^| C j+Ai 0^ 1-X^- 4«**.AjLA »/2 T AjUliJl 

C AJLjX* 4^jjil* 4 j^ j 0 Lp Qjj£ia djyr^* 4-jls^l ^lioNl Oi C A-Jtio 4o^laJ 

. lfr«~.4.> <Jj^lS\ IfabjJiJ 4 j>*^.Zj£' 

i JajL 01 L» 1—OsjI lJ l t 5J t <L*lO»J lol<yi oil 4j^LajJl 

Jj*- 01 cJi.t.:^—i t iJaiM l^lS* C~0>Lc lijj c oViUil ( Jj*- JjU Ujlp OJLj'bf 
. L$Ja>«Jj N 01 4^-jjJ djyu^9 4^5** (3 4I-*Ji 4-jL^jl ->1*^1 dO-4 

^Ai» OjA«p 

«g»■■-11 iiLJtt OJJj 0Jj*5^ «Jjl® L^a> 1 4J^"i <^JlJ 1 (Jl^l^/I |*-1^ V-l 

^^-r-- 33-10 t JJUdU^ 

^ 4 c j* liaii a^buV* «. (,V^\ j* 'AttL ^ 0\ Oi\ ^yO O'. 

•D* i>\ \-^fr .NjAj-mt 33 ~1Q ^\j^- \*^0A d\fli\ lu ONi «jiup 

iWi\ 

. * * 

. \ ^ 4 < M * p Ijtt" <l ««J 

10\-4y.^-\ ^yosi i>\ ^lk ^ jVl^iV »jjk )yJ& 0\ s_^ 

V*0» A*ry *i\ j* i.\* ,^nft t\^\ j*Oi ^ (.^U O^N^iV^ 

S U* JA ^ 3 \ jsM i3 

<-»^XJ j=»s 01 Jj ^UI dLI t-* . Jji; Up !>Ui j>-~\ [fyji O-Ul t j—>- 

t ylLwy Ol ^s jIjiaVI jt JU^JI Ioa Jl^J.1 ^ JT OJ . 


A * 



jij t &\ jy*£ Ol £jiai-J IJLa 

. I.i£aj t wJtf Oj~ilyJlj i j>-\ <£}Ijia! 

^ 4^J»- ^yAi t ^S» ^\^i*V 4ij**S* «. 4®^*^ 


.EgxEg f>y*±V ^fl3 J>\ m&\ * 4 >i\ 4 4iyy ^yoA 0\ Ji5> 

> 

a^j£ j-Lj bl^-^/l ^£3 i y>L0*JI ^ZjHj 01 «l*j jiidl 0^^«v» i lJuS”" L*lf I >1^1^ 
£jLiJl otiUaJI ^ <—JjUJi ijtA>- y« l^iyu |$"” t Ol ♦..>■»4*' f l^jji Oi^lib 01 ^A f^JI 
l_Py i_.ii .<a J y-^/l Eg UI . jjcuiVl Eg y S.X»-ij CJ^feb y tyr ^A 4 l^P^L 

, * « ' • n 

2 _JL j! t a_UU; t shadow matter i_ijall «bli.1 UL*-I i t Salll y 1-bJL»- 
jj ■/*•'> Ol ^Jai-J OJJi /y* 4 f*-U t U OJjl lili . IfiyJ ^dl 4j^UJl iilil ^ c <_jm0a)l 
«y* £» l^V Lib UlyM aJU» SiU y ipy^a> Cjlyi! yli^l JS" 01 


Oj^J Ol -V> Eg <^b iU^iLl iLtlilt «ilil 01 iOjJaJI «bl£*Vl 0_j5j iiDJLy 

. <LiS" i ^ OJI <yiallf *jO» £a JpliJI j SjLaI^ l^V blp bi»^ 

V*. U-i. ^A. v i i iijiiv «i» J* iW\ 4 j* 4 jfi USb 4 iU 4 * 
I* —b »> b} —IblSJ LU- bjjj- b 0l klL‘lx<»lj 0| . ^->«-^> IJLa 

. A-lJall Silll a> Liilii 

^.biis \_Sj^ y£s«0 0\ ^jni»,,j Oi\ 


. fryiaJl» aljjV bl p£j> aJU^I 4j}ljAjiC 


* 

jl 


^ USai\ ai\i,\ a 


^ J*ry 4» 


ai 4b i^lU 01 c^bl j> oV t( lWI (Ia ^ ,JUiU ^ jis . a^V ,^r 
SjU cJwai Oir^J ^ t u£», . a_K)| jiUji ibr ^ Uyi ji HL J* jrf jCuV 

• U ilUy . Vy** OJJi 0l£j iJlt |lUt 



ASU--*r ^ (M ^ 

t t Eg jl^JiUl j—^i d)l <Lil^>j i)L^i . A^JaJl ii^L» J-^Ui ^Jp i_ii|J mJL~> uJJU 
l-L»-lj jL«^i')/l IJLa ^iyf d) IS" lili . jAv»l ^ <_H t -L»-t^ t_^L.U 
■j-% fjJlj . »^U.I Jari «Uj-iJI Jyly 4 j/l^JI jtlall Eg 
. Eg jjjiJLat ^yfelssll IJla < 1)1 

*• y-H\ jf j* $ tt\\* * iiii ii£» \i\i 
4 Eg Jji>- Jp ^ AjjiaJl oNaU* J>- iljLsi <_s-)J 

. yl.*» ^ jl 

’ 4^ ja iii\ yt> 

. 1-i^l-j 1-*44'1 j “ y>-1 <_!)!>■ ,j> t /*s^ 4 f* 1 

•Wd» 4i\—> Aii\ii\ ^\j^i\ ^\iji ^ \£jQ\ ty^N ^\-A\ ^ j^A li\ y» ju^\ ^ ji\ 

iiii S cSj> y • V*^ <y 4 ** s ~^ '4Wi\ :A*H\ ^il\ jpNi-N ^ii\ 

s . 0\y-> jCa> Aju vjy<» Vi-i* ^\ \a^\«9:\ jut 

lili . ^jll ^l*i* <J d£~*l»*1 ijcil—v* j»>l c£.b»-l d)lf L£;j t ji^ l-i» d)} 4 (j-—*" 
-by ^Jl jly^l £lyl JS"" (~->l*-J~ ^<y j ^ ; .idi 4 ibl^ll *i—Jl il»Nl jJL ^1 Iu-Lp 

4 Jl*- J6"" ^Jp (^/* jj* 4 ^ 4 pl«,<apil IjyA ■ l . i -A-b» ^1^)1 lOA (1)j^J A» . lf«*jA* 

f ^ A > ^ f i 

LmJlj 4.1»* »U& jl jl jy^i jA+0) J 

^ 00 

. L^^i» ci iLLilt oLwja^4*I ^ \}js 

^fiJU 0\ 

< * * 
d)! ^y&Sj 4 Euler Jjl jop ii-Jl ^UNl (^i tUaiit liA i+>r^y.y <~A>- Jj rji 

* g £ 0 

4 iv? ji Ij^ ^Jjl jjp ol c^sr'y • ftLjaiJl kilii (J jjoJ ^Li «OlSTj 4 4 _~>yiJlj 4 

ubUyjJij ol jlu . oUyJJl) otsr;^! »^^ii oi^^ii 

(_ifl^]a)l «JlA (—iLi^l ^ ^ij . i_ijl^l? ^ y*} yglaj 

jjjj (^Ji (j^u^“i ,^^5. ji^fi ^ Jijj u oUyJJij otrji^i j■* 

l*bi yl^l <^*)P 1 A ’* Ja-waJL (^j Lw ^cjIjJI ‘, Ajl^lall iAP d)l yb 4±Jjj^\ ^^ (Jy*^Ajft3l 

« 

. 4Zxw.il ^IaNI ^UsuaJl 



4 $ 'bjii'u» Ajyf^i\ N i* i W' JjJi 4jO£ j^at \ja iii\ \jjii 

WjaW ^ V^ls- iP ^i\ OWW AikjfcV ^AjiM\ $ jW s. 

•r 1 

iyr^ j» (. j^pW\ CJ^\ vi t ^ iilWN iay^\ <ujai\ ^ ^WlN 0 \ 

iWi\ sj>W 2 M Jb'i^-\i J &£■ o\jjifl^\ j» ajp Aj^bi 

^ V^lt- \’.V. ii> ^i\ C->\^\A-\ iJP c 'wuycV' a^- k ^t- (. y*\j» . AJi\o v l'' 

Ia^Jju Olj Aj^Jaill 0| Jj*l Ol -AjjI . ^LJU ajLL^ oUJl^j I-ip ^p jvpI *^jl 

D) i_jA IjU. ^ ^t aJjLp j l::lfs..t*j_J^l>- iJp »Jj>-l} ij^jJ _lAjl>- ^ 

^ * i c v 

. l—Jajl 4iujaji o\y*» {j* ^^-o-l i L* ^*JT i JL>-I^ Oj&j 

IaUo*I jl (£y** d^XA jjo jU>>Aj 4 jL ^0 Aji 4 4JJbjjil mJo-^LI ^ iJl^-jj*)J 

- <o~°^' j4*-* -^-ji^ ‘ »jf- j* A*;Jajl £> ji^j 

* • * * * 

. U apL^> jj—,jP <!_>V Jljj L* 1 « j» <u^jL* C--—.} Aj^JaJI Ol -A-j 

Jii* Ojjjl* 4 iiJUJI SjjJjJl Aj^^idi Okljl! otpL«*a)l (J t Ui| t ^Ip. ( J^Jto c 

A-Jj C^*A^|^ * 4p| y jfl«i <^ ^l Aj^Jil ^ ^ »!.■.«* * AAJ 4 4 aOI^X* AP^»i* u»*Ljj A*J 

aj^JJ d«Llc LS^. iJlyAl oLjyiJI Ail^la j £*»jill ^j» ^^Jl IJu* ( - j p h.'JJ A^]iil3 apL»,<» 
ii»Uj ,j^*J Ol Ol Iaa^«I LCj 4 aJ|^* oL^yiJ ^^4 V-Li AiW ^JliJ t m^oT a*._*i> 

4 0 

^ (^! 4 ^ CjViUlI ( J>- jj _^Jaj 4 Ai»JI jUjNI oli Oltl.iWll 

. A Jaj A^-j l(JJ jiiii U-UP o'i/jUil Jjl^- ljUi»J V 4 Ai»»^i |»jjl ^jja^-o 

>iiV o^. *4i 0\»U 4.\yr\ bi\ ^ \i\ 

AjjiaJI J AjI^JaOl jjP- Cj)!jaA* Jary 01 J^*i AajLiJI iiL^Jay . IJL* 

. I .,<3«; jl J>li jr ( ^ 

r^\ A_iU.\ ^\ f tiiii >aVj 

4 i_iNNl ^Jlo Ji Ifil JuspI ^*i£j 4 Li>- ljk^L,a>-J c-ji-pJI ^ 

a jja^\ ’^jA 4 iij\^ ^ 4 ^kV» 4 N A£- W^ 

4 4_jjP <J 4 Ai^laJI «jjk 4 • AjjjAjJI L^ilvsjl 4 ol jk „a i\ yf- l^awJ apLo 

^L»! (j Ai^l^JI ^jLil t_A>- I—A-»P LTl;^ L^j 4^i/jUil jjAi*; IaJI 



. iuUJl —Jl «Jlii-'l IjJiaj jijiaj & j\j SJLLa o-La 

Jp jjj <. equivalence principle Ll> t J_*- U_* j* ^---4 jUail -ti» 

. Aji JjUi -L*j j£s oNjL» 4_»L^I 

l-l~* [ t->~ ^^.ii L^J i o'^/olic* 4P^*jf Lj_l! t Aj^iaJl (Jl>- j i ij^[} 

(J^P Oli ijjiaJI l)I . c^N.il»iU lilil l ^f- JjJ, .U <iJJi i. 

L a. j ' oij t I^-Ip 4"^*~~ aIa-HI ^JbJl jr j??* 

t —»Li-i l-i-tt ^ .ifl.Tmt SJjl^ ^ Lf ^ ^Ip JLa S^iJT" cJLj . aJLp S—£ 
Jljj U i (Jj^JaJI ^P ^Lta (1)1 ,J*p!L iJu>- |J-*P iiLAj 

- uiy*s^ l)I ^-i jts I 4^»^ 1 jl>- LjJl^jc 

c * t 

4 aJL-J. 1 d- *-> J 4 ji^ ^^J>* ilL-^* l)I l>£J iJL^A^ 

J C * * 4 

. l^*y L * . ^ » (3^*j L)l t^»L»N! jla-^JI ^Jp t L^jjI LJp 

' u *-^ U^i ^ ^ o*^ ^jf- ^ 5*Jr* ji'' ‘.\^»-\f io^i\ 0\ ^c- 

O"^- AjJai AJi v ^J^-\ ^\aji\ ^ Cijfrj W AAa\ aiA-p OVi *\J»\ 

. \a^u»-\ rj*£ 0\ty4\ iJju 

c p 

li| t 1-iA (j <~iji> 01 t -LS^IiIL; 1-iA 

IJa AjI^ Aj^iaJI ^Jp ^lsli jLy ^Jp (j jSr^" ^ t)IS* 

^jjai . tiita <j y ». '— - ; '.- *—*/*> Ja-( jjy* . tiJJi Jk5jl jl ^jjJaT.^t M jjj i Oyill 

* * * # P 

4j1 ^ 4 ^./3^-: JjLJ. 1 l_P^j Ljb 

. 4jLaa« l-Xptj ^JjuaJl» jA-j Ail 4 uJJi 

V4 ^ •■>*** o\^f.SLit_^ Us o\ y±\ ^ y 

c p p , f 

. cJV^lo-^li ^J>- ^p j^IaJI LjI^ ^-*L-Nl TjlU j L>*^ LjI 1 J^j^ LiP^> 

uJJ^ l£^ g l-/>^ll ^iilJJ -ij-LiP 

^ 4 4^ajLsx-dl 4jliaJl j Jbf-jj jl ^<_jyu jl 

. L *—1 L^LpUj 4 uU>|^IaXp! J^>- L^bT ■«-» 

* 

Li-jL iibj&j , j ^ ^A L^>-j^tt.aJ ^Jl oUjJUil jj I-La 

. jis>LiSl jLo^jL ji ^Uil ^LJlj ^UoJi ^ 4 Aaj oL..m>- 



aJLp 0 ^ l -L«-p 4^j^a» iSy* *•"^>^Jl LaJ 

0 ^ 1 AiL* j w utJ ^>-tj ai^JI ^ 1 ju*>U cJti>J LjJl! oK*" . iSy~^ 11 g 

< < « « 
<_£^ ,J l ^j-s^aJ jl ^p 

s» 

—i-iii-'i 3 AiAs? js^ }j^ej 6 ^- ^ ^Aic&N o\i ^\Jaj\ j^.ii 

. ^Aii\ ^ y>:. JIi \^A» ftJoJpN 0 \j>\j^\ ^ 5 ^ Jaju ^\ O^£si\ij 

Lpy jd*l*jl i_/ ajl ! l£AJ ji-i 4 ^-lJ' t_^jU-l c a 1 S" 0 l jJJi . £->*-*» I -La 

£ * t £ £ e 

^jA |L*-» 4 *. » (j^ ^ i ^jA |j-l5 !._ . i jalj d-i-A ^_)1 yjb t <~S'J>\ 

<—~£. L£ i <cs jaa £. Lf aJsuu^-o ^1 oL-j^L^il oJu*> 

c 

<U~-i^- 0^3 C. ^ ^ ♦ A*® d iJ^Ji ^ L dji^OJ 

. Jj^Jaji <_£^ Oy^~> dlli JS" 0t ^ L aJS^ !-*■* ‘J u>>- 

jft hjadk ^lyiN C^Ail 0 *i I. 5 -^ji $3 Aijlfii ^Vsi\ j>^\ ^\ij> jfr ^O jA i\ift 
0 \ \*5.\i\ ONjd ^3jC- "^Nj ii\ \_i\t 3 ^ 4 .J - OW y « p \ ^ jw~fl3 

\JflA- O^ i}\ 'u» 3 i J-j Ai^ . 11 ^VilN A^\j A^> ^ 0 »i>>aN 5 -^» ^ iajlaj 

^NiiN j>j^\ A^bj ^9^\ j» i&y?T.& 0^3 o\ d^ylN 6 A& V3 . C^ 

^ya*! OlS^ U->«^i ^)f 4 jLL~J1 ( tij ^~\) •^: > "_^^ U ( JS^ (j t 

Jr* (J^^ -isJl **}j** '-3-JK^ ^ji)l <-5?^l5 oU««i-l 

4 -U>-^j . ^JlAill IpJ Lc (_^i!l JT . jl ..^ - 

Jl ^ 4 Ij^j . SAjAAJI 3^3)1 ^j.-ai ■ - . 1 liili £j~“¥ ^J&} ■ jjU-Jl J_j 4 4 n ; . >»llj 

3)^aJI iiJij r- jlu ,Jlj.' L« iJliJl oi/ i»UJI ^'- l . -a® jfcJai—j I* <u5v3 4 ^>- l>j 

•c 

^■Uui! Ja>- 4^1 U> t J>*i |i <s oU-Ijil f ,;Ai iJLaiil ^A»LU ^ -lij 

iJliill J^-Aj £l>! (Ji^/I (Jp ^L *^!* 4 4_—>-) ^t/*' Jj' 'Aaj • <Sj^\ <J 

* *" # - 
j3 4j| . ‘UvJj CJ^JI <J C^>aJ' L >%JajA aU ^ 1 

^JbJl j -_ - 4 ' lil» . iJI l-j;-l^- y&J ^ia; —i L£»A aJI Or;jJ uj> a^L>- 

j—^-I Aj^iaJ 5-LfcP l-l* i>' J>' A ’ S -* 1| d ^ ilr* 

^ aIS' ^.Ua^ r .~i 4 ^' aj ci*® 'ii jJi' AarjjJ (jcu cL Aji . ^j^Al 4 j 

. -Lcipl L« 



jCju oLjJaJI cl-ilS" . ^lll olj^iaJl y£- i_il^ t a -La Jt aJl *-^rj y* t j jl ya 

«.* * * *■ * 

. ^_5 Jy*-pl Aj^ Ij . 1 . 1 4 4 .,<3 fl/>«^ll AiLLaJi 4 Nt^pl 4 4 L. 

y ii'i ^j»V ^ t#' $ & ^r** j** ^yp£N ^>\ 

j\j ^\>±~p) ^J* r - * ju-A jgj.fl' 1 ^. O^yi ^\^. g~ ..<t\ <. \Afe ^ \£) t j£»AN 

V>\* .ory: ^U\ ^ ^Ui\ \«4\ &‘& £*y C^>\ V5i\ii\ jajiv 

1\fiV cJL. & ii£l y tS*jjb ii\i» jiJ.it. 

4j ./»:«!! ol„ ...i-l jLjj JL»mJ . ajSy O—*« J i A.i\a'.* <Ljl^l»l jJJj jl Jjlpl 

« « — £ 
jjO>dLj t <S-y iJi-1 ^Jja .J ^1 (j jJjJIj «.Ij-iJI j>-\ ^ji JS' JP 4 J^lj (j t vjtbt 

<^ll ^ j?T .«.J 4jl—«* • I^ ■» j*s^~ ^ijl (jylyjl jjPj Lfcly^ 4 < ..*>L^Nl 4 n . ; j ral l c^jI <h ^ ■ .. > - 4*aL* 

t 1+1T c^l LJLJI o^UM jp • Ji\ J L J' IJu»j t J^wiil v l^l U ^ jl LjJu> 

. «jb-bj- <Ll»I ^ J)a£ jl l—yi (j^? lf~i> • isf^-l i a.^lll ijjli t ^ jJ-j U ^|p 

^jls- I. <lS""lj.i| 4 I c L*.«i» L» j^Sj i jii c l-i^J 

< « < 
jJJi L^-jjaji 4.1*. m)1\ ^jA l-Ljj> j <—->j^>* ^P J j > /aj -i jl ^-«J *-^l 

. |jj^ l-^j JljJkl iJL* ^ liJJi jl 

* V • z' 

IJlaj 4.**m[~*)I\ <,Zj L«.y^>jj -Xj4“l ^aII J lc^ t 

^3*A>fc»j 4 4 L*lp *> +* + £ * lII -LaipI —jl ^ 

* * _ £ 

c UJI ^4 JsS^ c3 3-ill lI* 4 ^ i^ 4 * 

, ^jj^JaJI ^Jp LiL 4pliaJl 

\^V ^ - ~ a ‘„ uv j *--*'uh\ oVs-Vv tJu^>y 

UiNj oNjli y yy* j\ «*>*. <• 

^\ y\ ij4 t ^ 4 iNifc y . ^ *ii ^ *ia--j. oUpV> ^ ^ ^ 

u^v ^ ^ ^ 

<3 C AA j i^P 4-3-^^ l j 4.*.^a< <w**««»ll i^l . 4iJJ-X5^ ^•'•^1 jl 

<5i^ J-LJ <jjLj»lj^il^ t ft^i* ~^ r Ji (j'* J“^ ■ 

jjLjjLjl jL l 'jjot- jJp- J :: .. ^ t J, jJLj ^ t IJla jl . ^ib-* «.LiVl 

t-il 4 ^' 9 j *~*^ “^J ‘ jVl 4. « ...Ja. l l jj—Ai (J 2 IjIa oU-Ui ^^>-1 -li CJl^ 

.(^<»lil (Jtf' L-iL» J..A '— > ^ 1 (j -j*-:—:.* Sj^Lill «Jla jl JlS^-I IJLa . j^c-U ,j^pI ky» 



0\iy£* A ^ ’fcya j\,\ ^yj«3 Va^ u)j\ jH\ ii 

\nai- jST\ ^*<b3 \aJc£- <i\jor *Vt : . «j V3y t\«iH\ <. ^i\ ®Afe a\yc& M s^alN 

* 

.\±*r &jJj» 

y^Ai/ *la\l ii—« ,jJliJl jJ^il ij^Jsu (j-jK* jii . ^LJI y* jjjJl <uc- jj*-i I-Ia 11**> 

. sJLa iLaJI j]aJl i^jrj i\^pt 

j^Lill j>»ju jl 4-jts<» AajIJ yjl OL-^»bpl jl jA 4jaUsy Ji ^y-l 

. jiS oij JA «jUaJ l-iAj ! L$aa JaLcJI ^yiJl 

$fo\ 4»*^ 4 > N / s ^ '**> &• &*- o* ^ 

S ^I»p \Afc i>\ Aasju . »j4 ® £ (\,\ \^o£ 

\Sy ~I jaL^lij ^y*&-. 5dLjJa3l y* i) La l)I J.i . V ^1 Ls^jAw» jlS" jj |*1 pIV 

. {_$j>-\ ij^Jaj £*--a y yA “W jl Xbtf-1 t ^JajcU 1 ..«-»7 V Ia >-....-i C—<K"" lilj i ^<»11.1 ij 

1 ^af- ^Ju<u Ca£ «iXiV Ojui t Ju«as*-> Ajhiui sLjJ^-\ ££• 

(jol jl l-L>-|j 4 f LAI iJs- LLia£~l c o y”a jj”" S ^ A * IJO JUl c (ji^ £a ^jLu ^LJI j 

4 **& <j->aA»i jlj yiaj jl Ii;lp jl jjaLa^J 4 ^yj»; IjJ jl Uyti i JST 

jA** Cj~j^ ^ -1 4~£ -lj 4 4 ;.«Ua ^JS - * (_j (j^yui . jIIaJI frl^-l Lj^Aj l y-fli t i^)\j^(p\^- 

C—iK^ . £^yj»jil IJa i*jb> ^yl-21 4 ^ jJI «_iLiiS^I d) 6 "" >iiJj < 1 ) Ij 41 Jajl 

* jjP OlyU* 3-lP I^JIj jIIaJI 4_j d)l JaVI 4 .y- yj Ayy ^ 3L>-LL* 

jjA t Uji»kA*I» U*A jJK-^A lyls^ . 4yi>-l Jjb 4 wJJi I^L»* 4 j*-(-l jl U^T \j^" 

lla> j J^jJl je- j 0 _/\ ai ^s- jl aS^U 

O ayu ai <iJJi ( JJ ii.-fT 4 > ^ A t 4 J ajJLlJl i_i>a>- iiLjJo ljaj«-j Uaap 

(^ajl ^j-IaJ-I yA Li/ Vs-y ylj a>-I ^a ^yl ^ iiUaJj 4 uu^JaJI J*i a> 

« ^ 

4jLj)a3l at »_Jy» iijUJl 4jy^ll alj jy^ ci^ tl)lf . 

A 1 '_ a a*j 4 4laaA- 4 ^-iJI^ . 4 JUJI #1» Oj£j jl C—«iy t A;>-jlJl jj 4 aIAI 
^ * < 


AV 



^ j» vl& \j^\i> Ci.Ty^N Ji j i^i\ j*JJ 

■£$ ^ol sJi\jl$ ^/isfl {A ^jas~3 <.\* ^nfi t. £ii\ yyia ^ 

.iiUAN \ja ^ \^jii 

JjIa _Li^- ^Jl -bf-_jj i[ . ^IJL^ l} Jjl>-I jlj 1 k : .-i Jiil jl JjjI 

ie ** 

jl) Lw^a>- . p+*a *i i—»L> J^-Jt U -^J J*-L» J-»* dyj*i j/'kJl J* 

* 0 4 

I-La jl. \Ssr A«>- J-»*! j)<*)iy viJLJ-il *i)Jj**M j->LjfbjJl jr* })j» j_jjy*i («-f' 4 ^LiJI 

£ s \ jl jJJi £>• ^ jL*^L Ja 2* li* jLJI j£^ ll ij £ ^JalU 1-1^- u 

jl olJ.Jl ( lJL>-l L£* 1 l L.Brink Ljajl LL *£■ Lil 

LjJ ji •Uli! JJLJ.I jt£> -ijrfi jlS^ . ^ ‘t^ 31 - £_ jj^ 

AJy»i (jyt^L* USj i IgJlS"" Ipyld i ( j]ffl t» jjp AjLLaJI) ijvlill ^jA Vj t CJ^!( 

J ^ i 

^iLs^aj yj-J L« 6j> L-—* 4JU* l—«j J~* jj\azi\ ^-w^l . 4-iP JU ~J L« 

U 4 J jl jji i Jajb j Aiij f,^ii 1 — *j*Al 

! ^ <£' cM 


AA 



3 




a-a\a Jjfcll CjL-I^JlU Oy-*~j j) >i^m i b*-i E.Witten { j~ty 

l 4j^lajj ^ oJ jwLp 

Jj>-|^ 4jl . <LaJLaJ1 jIjj^/ 1 <1)1 t i-iL^fl ob^ja jj ^Ay^s Jl 

t * 

■ £_>j’_A' c/" Oi**’-^' j j>} cfJ l’-"* i uhJ^ 1 * 


S\*lrW $\& $jS *> f h J>\ \f£\ ^VAS f'* 

<■ t 

\)aj i aaI*JI Ajj—J! t LL>- jb^L-l jl^ 4 jj j^l «.Lj.» ti t -bfjj 

■ <£r4^' 4 J U JSy i>Jaj ^aj 4 liiJl^» <_£4 ilUdl j jjLJujl 
lywa I^jaUj molecules objsLjj oljiJI i 5 jJL, j o^Sli «JLaj 
bli . jbj^Ui» jJ^Jl jy'U jl ^a Si-bU ^Lj-aS! j_j a^LNI . i. ^- , ^«1 1 

~b»->9 jjp aJjAaa N ^Jbi jJ->l 4 L*a (*-£ll! iiliJt jl v^Jjb- 

Jf ^ J. ,<■* ■> « ■» . aJUj i.« j «.^ ^"Lo Oj£j jl Jp^i jyLo Oj^-i . oLj’L^Jl 
. aTLiUa^- (jL** c«>Lil|^N *AaI«, ai jl ^L* -ij Ij^- ^p^il ( ^y*j . C->Lj1^^3I 

aJUai U jl i’ ^ - Jj-Jaj 4 fcljjAI £* J^UJl jJa Ijjj-Ai ^ jjjf t ^Ul j»ta « A jl 
{J y i y r U^ <j^ • t3j ■ a '^ Ajj-^Ji sJjIaa OLL~>- jj-JljJjAJI 

^I\a]I ji*w 4^aLa^ 4 l^5"'l ( pj; j^l^ ^aLLa Ayjal frL^&il jl ^A , ^1^31 

4 IJLSf iJ^- 4^Ju^jj 4 AaIjJI A-... JIS" 4 5jJ“l ol^^iajl (Jj . LaIj> 

^A L^ip A*4qLl Aj^JajJI j|j 4 i A^I^a ^aLaII dAA j^ 4 |«-iti ) ^ I - Jt ^ 4,]^AJ A.». im l; LaJLP^ 

. U f\ P, 


A<\ 




SjjOjij t SOiit* oLLp js- . *>Ui £lJi y 

kiJJjf N 4jl 'b/l 4 4~£-j aOa JU » SjjJii jlT ^yslj . ij^iM <iy l^ji JujlO t a^iJI 

. A*l*JI 4,....^Jl 4j^Jij aSCJjT U Ajj£j}\ I 

VtJ^e-j 4 jjciis^l (jct^JaJl jjulA ^ Ljj JS" jl ^a e-Lj-iJI ^ Si^illj 

« t 0 

C->li ^aLL» oliUl^l j* abj-iJ! ^fejly • (_$*"■'* oli jjp c.L»il ^Jp L»w I-g»-,^>* 

JS” jiOkLail a-iA A»j*j JbljJ . 4.« ; .jall (julyiil JS" Ij-lf- .1■»~»»i aJblji» <ub 

jJJJ j^JLSJLj 4 b-U- jtS'li jtsi aLil aJu-lj ***i j~* j' t y 

yy^ y^ . ' : l>-b jj^j jl t-^jy a^i> tJLiuu }^* jtS"f ^jJLJb 

i^i I f..t t .rCj (js U* a-Lc- ^ _ -ny>*-*2 4j! ajIiS^j <~Jaaj ill—ll i'-i lS" 

4 j ; ..»: i l ^Jij £» ^Jbliib A^if- a^>-i tiJJLc Ua^al 4 ^jO*JI jyiJl ^Ijl (.J 4 Li^i t LS*"^ 
4^-«^i4 L ji'b/I aLil jl jUsb/l I-Aa (j 4 »-,-»'! yy . LAl^»*j j^JI 

. i>w» Jil O^IS" £y 4 Ll>-b 

(j l ^lc ^Jl Aj^bNl ^JjL-jII <_£Ju>^ Aji 4 Ji^-I (j—*>■ £*I>JI L? I-i* j^ 

4_jjL»mJI vOav^ 9 ' ii>-j4 0*1 j ^jI»- Oa-IaJ -XaJj . ^L.'b/l ^ c-b^aJl aI^U 1 

O jl iji**^" IaUajaJ UT ^Jl AP^—Jb -l*J 4 A»^Av4» 

# # 0 m c < 

JL^-I t a 0jy*AJ (3 «A^- 4>' > P Aa ^ J j a^ A^Jj Jik k>«-4-s^i 

• ^-AaJI jjo ^■sli Jlj> t» bil jj 4-^. ‘ ^Jl tyL^Jb/l 

f # « c 

^ 1^1 yb Aj^Jt Ai^iaJI L«J^ o^SAli jl i—|^l <jli l*XA ^Jpj 

ilUlll 4^1»; Ju jy^bdl : uii-JI y iyif- a^*J alij-iJI ^j jlS" L» 

. j*^ll 

H \i* ^ 

L-»-; > - 0-L>-l lil iiijl jA jyill IJa (_j J^JUj-aJI £tPjj U jti^l jl 

| ^ f 0 P 

4»U» (^jl^isJI aJLa>> (J jl -b»i— 4 (_^lfllJlj (^jbj^^il 4 4ji»- 4 jUaj C-?...». » - ^ 4 l - . jiaa'' LJIS^ 

tlab/ \j~ iJs- (_^l ^Jl O-Ol iJL«i.l aJLaj . (JbiJI 4li»- (_j I ..dil iJl^i'b/ 4*lly 4 aJI^' b/ 
0 £ 

J—ii-l (J^r j ^ I_jajl CJKj . JLaiil jjwUjjii! ^kji C-olf . Aiii^ 

. s-Lioj Jju c ^w^aa^JI (jk j-Wa^* t ^L^JI 



LoLO» IjL» 01 ^A <y>JaUU- j 4jf“U-l SjitM kloS" 

. aJJLL LopL-j Lf t U Le-^J 

lil J-iuiJL; djj LiU—w* 01 UJLs»-j ^Jliill JjUJU ^ L-»«-J Lj»i U_lpj 

ji 0}/£JVl . O^iJI ILa (j ,jj\£jb\ jjJaj |f t jJaaJ OjjS^JNl jl L^pl 

* » 

bl«*i ji|il jJjU ^LOul JuJI^ . jj>~0 jJj Jj t LgUii L«...— > - i^J^ll i^JiJI ^ JU4 

iJLw* ilN { ] g ji * Jli*5^ Ojj^J'i/l jj£\ Ulj . ^JLalll aJLSJ— ^jpli 

^jpy»&£-. 11 dt 4 JL.m 11 4^-l^j £ L)L*JI 1 <1L^« a^jLj-^OI 4*jL^gisjl 43U0 

* 

Jf* (Jj OLam—J-I JS** <_£jd 4JLII oJLfc l^pA>- JjLlJ 4 j^ j) Aj^JaJl^ t 4 j^ a;«H oL^-mmA-1 JS** 

*jL* £j* *j£i k ONfc j ii» » * JA |N*i\ 4V (Jt- «J& \ijk 

Sl*r^*s» 

4Lio JL. ^opI jlUJI IJla jj J^”" 01 j£JLi 01 LJL o'.,,.4-L 1 *.Llp . ILa 

LaU. iowLiJI oj^oaJL lil 'AJi y[LO» <Ll if I 14^iJI LoLo» |^3l kiLil^-* 

r+* Jb ^i • J* 1 j*** Jb J4 

. j*^JI OJLl^o. k_»3f-jjc L.<a>l «.^iJI ,_/**< i^WO* t aIS"" lUa (Jj* 4 _^a^ 

S ^S^i\ jA A &1 4 ^Ay\ <X9r^» 

^ # 1 j 

01 j^Lj LUJL” . -Ia-Ij i£y_) Lj-«Lol fjii ^-^>0 ^*rJb ^ -U ; -U-_ji 

, — . «c 

U_Lp k lyU ^Jl 01 i 0 L>jI ilL ^x* . iJj-iP OLI ^Iyl> jl ^Jai—o J,yt ^1 
. harmomics oLsr-jjJU l5 _^—J t LiLat JJb-U- Oolyly» jl^AVl ^ jjli t -uif- 
I ^ k...,.J j* IJLaj ‘ Co^oaJl ^ j^’L.I OL^J' 

■uot* L«j«j 01 ki»L^? . 5-^-lj Lo«J ‘_OJlT jJ (_5 S,_ 4 *LbaM <ji-~.jil LlIMl 

J2p 01 ^ 1 — ^ 1 j|^ll jN f P 41 ~P . 1 w t i 4 I ‘^1 k OL^ll ^|p ^1 ^i\j-ll j |p 

k-—>~o iiksi OU-JjAa j * - ‘ 4j®JL#“1 . 4a1u^ 4j3jLa£ *■_—11—a! i 


. 4jj\J£a 


JjUJI Jji\ Jb- Jj . iiJbat Ljl^l 4 jil^l jL^Jl Jj Jb- ^ 

O-i b 1 —4"1 J. 4»a1j3-1 4j j*ja\n\\ 4jiil^l 

* * * _ * ‘ 
-L>-1^ yj ^jf’ Ajibill ol^^slS^ L*Lc t ^aiLa*! jjJ 4^1^ oL>-jjX* 1 

. 4jils£ ob-jjX» 



A* ^ Afliafc\ o\ G\ 497 } «ii ^ A v-N \ \jj^ y ^»1 [_ > ,'u ^ 

^ Afi^a£- A , B..^y \_a\m\ t \* <■ 


• L* J*- J| Xar <~Zj Ajt 

6 AA jAJk ^ 

^ jK^i>1 aL*^: Ij? 1 133-10 jjL>*aV Ji (jjJjcd! 0 ^ JaJ 

<_iil 4i* _^«Aj ijJJi Ji~p\ i 33 — 10 iJj ^jA 5,jjl j]aM . 4jLi»a jl fi*-* 9 

t, * * ^ C 

4l>-j-\J 4_^a1) O-Ia /^4 ^J£>- W L » y « ^ ti*" ^ ci • *J* 

. Jyy^\ y" 4 y& l\ jflJfti ^ 

y c * * 

(j?j&y>- tJuj 4 ji cy^” L *..^L^»i ^Jj <r L^J au u l ,t«..4 ^A 4 

.4ir 


r w t C A 

Lj j*,?? ip L-»- ^ . w> - ^jiLc 4 _£.aJI ^jjLill ol ol A-w*^L*ll o-Xy <s~+a- ii*—^1 Lc^ 

4 ^juji ^jJaAL» 4ia^l^j 4 jl jj^ a_—^ ^ ^,-JU t V A^j-iJ JiA-4» 

A *■ t * m ^ t 

Aj y^ Aj>JL ^Lcm 4pUaA>l 4../a.» L*l . j\S» olj^ ^pb- Aja-C^ A-i^Jsu O^ 


* , ^ * y e t 

AjyJI j\P L>JL> JaX d)i 4 *JaAJ N aJ\j J^aj oIj^J aJl *Jax* i S>bsM 

y —■ y y y 

A-isilj U 1 4 ^uJJ-i 4...*, tJ * L»y^—^ LajU i^ 

j*& • ^ ^ ja31 IJla ^ ci 


. j^U! 4 g.. t. ~^j o|^ 4 

V^aV* aUiN& }\ij\ j> aJu* \aa j| Aj^ ^\3^V iyr j o\^»A> ^-y '0\ Aijl 

^ $*&n\ 


L^lJL^ jJjaT oLjlaJl L y aj>j . • <_^ l^A Aj^I V ^ 

. () («jli^L IjiLt^Tl Ai t ftl<^».ll j>c- 4jaaf jlijl c)1 ^*1 j 

1“Ai3\ii\ ^3^1\ Or^yjt jfr \j-i» U o/i ^ 

^Jp «JIjiaai 4j^Jjil CjLjIiJI JSj . *—Jj-ij Ol^iaJI j*Ja»4 j) 

iSUb t 4 aL«A» i_)lljl Vl t g - ^«-« l)S* l)Ij (oLil>- jljjl t 4 aL«A» jljjl 

. 4il»4 j\jfy'k>-yZAA jljjl Jjj» 3 t 1 P jJi j-* AjjI^Jt ^jPAJ t 3JL>-lj 



j (JljS^I jJ»jil bJlli jlS" . j^J! iludi Ju jjyll Ol^L 4 ) c y4j 

ij^lii ^j^sJl dXjl^-> OK"" . jjd^ 3 yj> JL^I l-b* j jl J-ij t «•bj.ijl 

> * ** .. c * c 

^L*-li^i jjpj*&£; js^-j ajI-vJ^ L->w?l^ OKj . o^wj^>-1^1 j oLio 

<L*j^^Jl JJiJ-l ^iaj lI-jIS"" . j*-^Jl 4JHJI 

jjyr l1.I>- i _£^»-Vl 3^—“^ jj^J ‘ 4Jl^Jt>il tiilj 3^ fjt' ijbb)^i!l J-*jI b C L (S 

«.bj-iJl (j «bjS^* *J1—~fcS"” j«-^JI bLil^-y illaiJI ,jy ^ySjbcJl SJL~* jjjJ Jl^l C->«—i} 

e t t 

», ; - - 1 l^P ^-U( i_J^<aj! aJL-» 1I d-i-A Oy Jij « Aj y * .+^> jts I Ujj t 

. Lfrs<g^a.£ Ajjiu* AjS^J Aji jy& f JbPj d^JsJl ly^jyu^ 

t I* 

Aj^j^Ji t**-ili^ \* li1 ^|^3 . 1^3 lulp A^^jA* aJU^I (J^/ ij^>- Aj 1-L>- Ajy^jl Aj^Ifllll (j| 

yfc ^ J-i^-1 AjjJaJ j aJL>wU*^* aJUsJ) jl <jj $ aIIaSJI ^ jaJ Aijyu.1 A^jadl 

£ 

. 4^iiJi 3 V“^ 4 

LaJuP jA J>-\ l_jb>- iiliAj . ijylaJl 3 ^J^l k—Jl^i-l ^ k_-jb>- kiiJi 

«.UjjiJl jl/ <. Iju^ L«-$> <Sj** k—Jl^-I I-b 3 *->l -Lii£-I^ . l _$~^ jit^l 

t * t- * 

ji Aj£f -1 b’lj . ijl^il (J/* '-^Jr 4 (j^~jl J<* ^4-*-^* k3 

,31 Aj^JaJl lS*^' ki J/* 4 ilLiiJI ijv 3 i 

. Ljb iijUali Jji ji t o i’jW' USs^kis^' 

v*i^\ ftjjk \f»»A ^ VpN^V O^v 

t 

I»—«U ^i»Ul ^iy*y 4 Riemann surfaces II 

IjS v»I c_—iS'l sJjOp iJL^i . ^y>-( o^LS^ly c Lie algebra « J » jy>- 

k^JlT jl/* “.“l IAaj . frbjjill j ( ^<< 9 li > l 3 k—-JlS"" jl Jby ^i^pl AJ^aill 3 

* * * 

. J iwibNl frU^jill 3^ I—yi 3 s<a ^’ 

’ ^ 3* °W»i ^ c J» \*/jj ^\ o*i\^\ ^\ 

t 

^3 3 *ij$ tlr* ^L)J 4 «..»J.^iil ^ i c 

« ,< C M “ # ( v £ £ 

b^-J! 3 Jjb^jl U .■» l^pl Oo -lij . 4 ljj-L>- Lpy OjSsJ C—^5 ji 4 

£ £ I £ £ £ 

AjjJaJJ . A—j\-Cj A ***Aj J b 4 Aaa>-L1A Aj j*3j ^^uji Aj! A^aIaII 



( » g 

‘—'l® 4 (^® 4 {}j£j jl <-*£ 4>l*jl 4.,„...:IJ Ji£jl Oj£j jl 

• ( j*l-*^l !-i® OIj i>wlj SpU ^Jp t l u j a» * (J t L^3 .1 tSj j V 

* Vf - ^ ^ O* ^ 4 c 5^ *»0^ N ^ jpNjjM j* «X*>i\ ^\ ASau y 


4 4***-llfc ^£jL» ^P ( ilUiJI ) i-jLj-jjJl yfclJaJl (_£J4^-I l^J ^Jl t <L*bJl 4.„.„:J| (jl 

4 (jwLjjiJl ^ jlS* . JL.n.^aJl IJa ^Jp Vj^i iJL^jiJl ol^laJl (J^S"I LL>- 

4jIjJI (J -Li«i <Sj^ *^ij& (J JLa^II (j'* istyAJl jj-ij (Jl jl 4 ^jj U . t’ . j l Jl^. 

* * ^ f 

^>» 11 *®' IjJlP ^4 j I c)t 4 5^-5^ apLa>j 4 I.jy3>»-Jj jJilpl 

. 4^LaJI AmammII 4***>L*^i ^^-a< L^.t.> - 

(3 4j^S^ 1I 4..»^lt ^jb 4^*i jl»A1 ^1p ^5 tJub ^amJI ol ^3L*-Jl i«jj& c3^ 

c « 

. 4j^jl 4j^]aJl (j S*£U 4 JUJ jJbj c c-bj-jiJl 


^ j^ai® j® "ii9%Jsii€ (. jfli'Lai-N jjuu ^u j\ j\ Jjc»j Ja 

jywij ^ L* jijULC 4 4 y JLJb AjJjAi lf^£*" jA***^*** ^^ 4j^jyjl 4 j^JslJ| A^Ipi 

* ^ ^ 

4^>**£jl ^j-4 £jA 1—L* 4 (jyLll i_ib^ 

W- t/fc o®£ £ ii£j j\ Vi 5 t Vb ^ »•>* 4 ^i\ J* cl^ Jii 

^ H^ N ^--03 v^ 4 4 SJ 4 *Ui . AiJaiV »jj& U\ ^^s-. 

(>• Ol^i <^*^' • «-^ J^" jr4^' S-^ - ' ^ 

j»-liLll ^J>-l^4 ^jA ^jp 4_^®l ^JjijN SJbJL>- 4 ^L*mI (^| 1-4 ^ ,i a X 4j^ll 4^iaJl 

f'j*'** 7 T I—^ AjL^P l^l JUipl 4 >» a i C,.#^jl (3 4 ^*^^ 

^*t»p 4 aAjt ^Jp Jbjj ^ Ia^aP jl y ^-i y: <^7^Jl 4j^i^jl cZ«^i>-l 1 ^^ (jLI 

A^fciLI jl S^JLaJI ^ly^l (j ^ij ^ 9 hujai Lil <sy~M fljjJI Sjii» C...®il lilj i I_*Ip 

Jljj L» US^ Lcjj t \^lqi£- LS~ ^Jl «.UjiVl ^jA jii^3l ( —®/<4 jl Is«Ip jir Lilj 4 Aj^lll 

jjlj 4**5*J A^L»aJ (Jj^l (J^lJl j^^4 Oi <» S> * ^Jp (jX-AJ llJl , ^-il Jl-^ll 

JL^pI ^ ^ • • ^Ip d^ljj a-a ^ .«^JI iiJaJli , ^*^«^ll jJLAbjjjj^J'b/l (Jl o^li ^Jl 
jl (j^£ 1^-* jj i-ij (Jp’ ^U® jlT ^^-4»Vl ,J^*II IJaj 4 jj-»Vl ^ .- 4 -1 £!*--'! (J^ j-lj^ 





Aj J&j jl ^'J Itj ij^JajJl A» ♦.*...-) 

. L*Ip ^1 j4r& ^ ^fJl 

»■ t 

^t>-^/l ^P 4.,..to £jj| L5^" A^J^jl Aj^lJI aI^-j j-ip A-J^jJl ^I^P^I jli i-L& 

. ^j^3i dUt^^Vi Ji ^\ Jl U^Jl J s£li J^U 

^ ^\ft ^ft\> ^jWUoS j«ji\ ja *»r^ ^ 9 jjk jo»V^w i>^s-* ^ 

**• <s?y^ 

jJ <L**LJVl ^juljill JS ^Li* J 5jjj (J! aj^JI ~<jj&l\ i jy»Lja^ JS «.'!A»*^»I <_£:>Jj jl & 

• ti J-**- L* js ^ij»; ftbjJJi 

4^^.\ \<f\»Af j» \—a*a /is ii\ iii ^ <.*l£ju&\ \^-\j* £ ^\a '*»Jid\ j\\£ 

* ^— * y ~£- \~i» ii\ ^\ t ^\yjj& s_ji» jij» ’dJh 0\_^\^ Ja <? 

J JjL»J»I aJL»^* Ai^«ill «.Ia C~>S , JJL! . ^JaP jUj jt-^Jl iJUil! yjy$\ jj 

• (J(f^ J^pI j! J«i «.l^-ill 

S - ^ &*} &Att' \ JA i>\ tiys Ci\ Juj» ^ 

4 £>J2J ^JUj ij 4 AjjJjJl A_»jl JjSl jl Jjjl . aJjJ Jjjl U IJL* 4 p~*j 

c " <3^Jl 4 jj^J . L^l4 aJLa-JI ,., ^j l «* I^LW| ^o ljil |% .»**ji 

aJLaJI l 5 _^*l^jl Iju* ^jjl jU^Vl -u«j jj£- ^ 4A— 

p ^ 

. <d"!A>- y* ( > i a ' Ol 

i^jL*xii o‘Lj-iJl oLj^liJl ju j-iyil jl jdJI ftj L? jl ^^oJL. jj-bU 

j^iJ' J j>-l u ,_A" J! kjai lili . ^.L.1 c-Li; jl^-l Ji^b Jp Ijl>- 5jl>- iL-j 

ij¥- cj jf 4 A. y .^ 'J l ^ j^jl ^ . t ..jl Ajjiaj jl ,■ C j-~..m\ \ 

A^UJI jjLiJ kiili jl/- Jpj . y. Jdj—Ajji^ 

jl 1^1 _/jjj . AJIiiil 4jf~J\ AZJfa Ju J ^>- 

‘ Aj-^Jl ^AJJ jJ^lSv-il 'jy ^JjJ^lSl ^4 OLiJ A->^SsJl J^j-I <J^]aj 

t5*V^ <jiyJUiJl j^ill j 0;l^>-l ^ 4^-Ul ^*XiJl jl Ojj jjJi 

4_j?;lxlil oljjialil jl LuJU j [ I-V^jbj . Lj^J U-J 4 jLL^- otj^jaj 

• jl^>-V d-Lj>- 4-d^ 



t £ 

tS^WLl jl <tip 4__£ Jj 4 obb-J-l t\jPr\ 4y*^” j»- 1 *j' ^ yazjL')l (jbyjjl i_S_lfc jj 

^Ali» 4} Lj^a^- <J>Xf i LiLw oyT"i |£"” 4 *byjjl^ . ^ll*JI IJla obyf ( yJl 

'i!/ 4 b/* ‘ bbl *4/^l j *4 tS^j^ C5-^' jjUl . SJyJj»- 

4 l-Ajr- JJdl Nl y»UU 45 ^a!S U>l y 4 4-hA.L. yy«l y l^. ,_fl , t . - _< r 1 Uj SjuOf. 

f-bi» yS"! jl_y-l -by ^jiil bjS^I iili-AU . L«l*jl A-._: U ^.Jjjil jlhJb/l y <u^jj L* eJ*^A£ 
( Jjaj . <by^!l ^j^JaJ! <ui>L-y 1 » g.fli jl 4 ^-bil ^-flja :11 jUai/l ^A l^j 

.,ju*^ oJlp ^•--^ aJUl,! 

jf jy>->-i . l^Jp- C~;4 ^Jl t^jbll y* I^p iijk; «-«UJI 4..... J I jl 

jJJ j Jf 4 4-^U-l ^L_jJl C.. «.^3 O» j_j^J jlj 4 jy-JLA yLJ (J^ <UUj ijjaj *Lj ^Us-Jaj 
<by>^S”") 4-Jbyj 4 ™j £ O Daiaj-t£ 1^ LtC 4>lp i«ja; y» 

f * t « „ £ 

. oLjsb^Jl jjJ ‘.^r-b^l y-ftbiil iJ^Jj jl -b«jj 4 ( 4 ^yj AjjSvjiil ybjLjl 

. 4i4 y*^-l «.lpj -b£ b«Jj^ . ^-*biil jXLJ «.l-Pj bb'Lj’Ly!^ 

4 _y-l b?l J/* jfcS"1 AiLi^l 41 £ + b» jAj 4 AiyjJI Ib^aJI (J b* j| 

!* # 

L-Jfc-L* Aj^Jpi ^Ja>k—$ t 4_*l*Ji 3 U a 

j\£S)}\ cJaLi^i J)l ^JLSi cJLiuS"! Ji jLtJl -U J Jij'V 

— £ 

C-^J^ ^ ^ (3 b-3jiA iJ la .iiji*- 3 

# ^ £ 

Ll^bb^j-I ftlj^y I— J ^ ^ 4 /^^ Aj^IaiLI J^4“l ^ g flll jl yA £y*-*aJI dl l jU^I 

4j^.^ a:«SI Ot<.„...4-l 4^" S^b—>>■ (j ^ljjxi~-l -by jr*“J • bA^lyf-i -by ( y4il 

4 _£l 4 5-Lj»-yll ZjLjlaM ^A jjijj . Ol_I«J»Jl ^lyl 4^ jljS*Vl Ojlyj bjijbpbajj lAb>-lj 

. <^x^> y ^.ia:,._i ^lll 4 i_J)b>«Jb Obi—J-l 3jjLL* 

3j*11 ^r ^ tf > 'V bS^” lj| L-i t -st » i^bl-*«^j d-lA tlys-J jj^j jl I*Xj^- J^bl y* jl Jp 
y»jJI LCjj 4 4i4^' jr*^^ jl I—^}b>- Jli^-I^ . 3j^yc* ji- l$-~~.l OjISj yifi (J^*bj > ^e 
jly-l ,_J^I y>\ ilL-il ^A jJLb . ^ .3 ]a ;LI jlWl >■-• b jaj^ i jJJj (J ^b»*lLS 4 

alft ^\si3 b\j3ri\ C-Ajj»3 a& U*fr o\»U»- ^nW s . f , . r V y j\\c 

>=»4 W- °SV' «-'M 4 o^- ^ J«r>- 4^ o^\ 4 



OWj-~a ^ ^j»-\ VjfrnM,^ ^Ay' iy-y *a^ai\ \—3 0\ 

V . OUy^-\ 

Ol -ijJLiP ^.JaT.-T Ajjjyil SjjiaJ! jj JS" yL> OaI»?..! lil dA>l jA ijL—J.I aJUk ( _J j| 

0 

ii} 4 Jj-l3 jj^P ^Jp} * Olf oj 4 C-Jy (jj 4 4j^«iIL |*-Lu 

4JLa£U ^>tlj d~£>- 4 43LU ^ 4 —*J U <Jlj£- cj *—0)^ t[J>r\ 

.V, 


4^ja.*JI ipj—*J ^t*o Ol ^P 1^15 JjJlAP 4 ^-^11 

4 iiii vi yi\ 

(J J^i 0t \f 4 4 JUJI OiSlJaJt v^JJj <j *1^>-I j L)l Jii-1 ^y» 

e * * * 

>J ol JiJ-l ,j-^" <_r* A^* li| Jal~o IA* . LJU- I— a>\ a^i Jf 

Aj^JaJl p-fr* ^Jp rjtj-iti i)j& ol jji 4*}j*a j£- ol«^j <i V . .,(i 1 Ol ^ . ht ..o jvio ^P 

jj.s^P <3 k^o-X?x«yfc^ i-L a L) L ^.-L>- j2?p ^ ^ -La . i-U^“ L.^. 1^3 4j^j^JI 

. ioUJl aJULo)! oly~JI 

H .\«.«flW \Aft> jA 6>X*A?r <—Aa—«— jt; y»^ 

ia0.x A; U l OljjjkJi a-OA l^jf-yT J—ju ^Jl ^iL?tj ( ij^yJl OlijAsO! ^j* iltj* 
. i-Jj^Jt aaJiVI ^ L^aU-^TL ,J^i Ol ‘ til3^4 iiU» <Lj| ^ olij j3ijJ^ jjPj 

^ *-r , ^-*i ' 1 ONa m . V ^ j* \A?r ji^o ^ij\ Q\ o n „>• C—„j\ 

0 * * c 

. <LS^ ^jALjaj 4 !^" li IjyL» L, j^xs- L»~—Jr- JL<a»i 

S OWn.yi 3 o t.ii jA jiup\ *aigfc-» 0\ ti Aa-A» ^ 

. Ojj^JVl h>xJ. 

Or* «0^ V 1 ! • cs 3 ^» 

*? 6/^ bang -Wo\iii- ja oW-~ir\ ft Ja 0A5 

^.^.-j . jjipb/t jb-iiMl LUj (j^O» ii^^A O^J Ol ij l^ili^l ^ - 4 j>-jJI UL»I OJ 
fiO^JI 4A0.VI fjJI ^ \iyry d£i Ol ^ V* -X*-lj ^ _L^>* '>-^* ot 

iuiaLl Solll LiL>-l «j ,^*j t V—OJI i-yiiAl j\j»r ij «Oa i aII iilil jl-li» j»Aai 

dAL- ^A l*ir 4 Pjwx. iUUil iilll ot J»} Jp t S/JUa oolyUOI J«rt . dark matter 
._ j A lj’C' iUU»y l|*l a<*I Ol t *i j—^ll o»dJI oli o>U—0-1 

JA U 4 IJL*-. UiA- vfl ot ^ 11 £_V Ijaj . (^.. . J» - .a 1 I monopoles ^JUJI olx»-j. 



Ui*i • , ~* 1 ' *4 ~' liAiJ <j* AP ^ iii d * 4-iiM Sjllt JS" jl -iS^j jl ^<)a ;.-j J»-l 

./•l^l 01 X>IM ‘ 0^11 -U-l ^ 4-**« -W- iJj>-\ ilU* jf y 

• ^**a31 I-1a ^y 4 a <* Ja>- 4^4? ^u4»4> (^4Jl (J^>“ 1 "4*g^* j|JU#l( 

, ^ * 

®4ft j\ *\fra\ VOp^K* j4_» \ifej I. ^ki-\ AjuAi t AjjSj O’ujoi'ii 9jLfr cAajc-»\ Ji\ 
^V-S'i \^\ 0 \j^\ AV.y ^A 4»-\ j\ \ji£j . LrAiptW 

ii‘i\ Ajj»^\ 0\j^aA\ 14£ ya \*4 . Ajj^-\ ^ \j^ 

IjAp iSj£- 5J^*it 4 ; -»j.«iCll JJLA-I 4^^ jl jl ^jJli—j I^-LaI ,j j_^/l /wy jl 

^-V:J • Lj-AJr I—A>*i Li'i/l jjjjlaJI jjJLjJl y>A -lij . Sj^JlI oL^JiJl y LJl^'i/ 

^Jj ‘ W**" j' ^ (Sy V“* ‘ j^' 3-A*^- 4>wa> 4J/yJI «i^UJI jl c£/ ^W^l 

. 4*Jl >_.. «■>- 4j^y t-"->1^1^« t " . - -j 

*■ ^ Jfc***^ \^-a\ jj-fcS—»\ j^£ ja\A\ S_>\i_p\ 

jr* Li*lAJaj! ^—- jl ^r*^- J,l i-ull Ua Jly| «ly^l Lc <^4*/ ^ _/4»U-l C-iyJI <J Lip 

Jjj~" * — *■•■! ^4-®J • l^ 1 cJV^ ■ 5 -A p ,j^ Cj* -}' < “’ 

. -li-l I JA y -Uul J,l i__A.ij jl LS” jlj jv^ 

a 2S\£\ Ajj»^\ 0\jjfli\ \-. ^-45 ^ ij4*-\ (. (£>\ ^ u j\ 0\jl\ tS^\ j\ 

'LiW 0*^i\ iW iAfr WiAp ijyu aW ^ ^ Jljcs ^\j^\ j\ ^a, 

^ A^Njp^lV i\»?i\ ^3 ^yry. ^ ^ j* A«j\ \^A\ 

a^L^/I (_^Lj^I Ijl> >_ -. - j i L* "i^li ^Lj» ^gA-.jall |ll*Jl j jj 

■—s^- jl 4 >-^jJ ^* ■ .o vl—ilS^ li^ 4jLLaJl i^iLi^yi jl*Nl jjij jjj IiL»j . ^-^11 j 

c e S ^ 

(JJLJL-j -1j ^ 4-jLj^/i ilujVl ^ ^dL^l 4 —jL»J? 

A t - C A 

OiK^ li^ 4*»Lj»yi l\j>jJ\ _li>«Jj'i/ jjjl 3^LaJU . jlxji/l 4 -LA (I Ja4>«ij )) ^5^ 4-ija^ I' : y4^ 

. it-jJl jJJ 

y £&* (j %l3 c r -i/' oii j^j" Ji jljuVl jl Jyl jl j 

4j) \ji> jtS"^ jl^^l ^p- ^%-IaII IJl& jl ^.Iaj a3 asa^a ^L^-jjJl Jj^-I ^jA ^JSj . «.L^iJI J-> ^1 

ajjb c SjLjail djlil^ ^*-^Jl jJJ-X5^ i 4- jj P oljJl . i*iLj?yi ^jA 

t A A 

^jl- 4 OJS*"Ij ^Jl 4_*jyJl d “Vr ^jjl-^l-i - ^ 4 -j^L j^Vl 

. ^Jj^JaJl Ijjb I^Jaj*^ lil j£\ O --^1 4_iLj?yI ^L*jVI jl c^y 4 

\K 



t t 

jA 'oV-is'iN i\jui\ 6A& q>;Vj OtJs \^ ^ji3 j\ ^A 

'l jiufiAN 

„ .. i Olw»ji li kllSi (_Jjj jl t tjjsai\ «-i-A Jjlji j' L^Slr 

C 

(j UjAAA A—jjii r-ili jJp 1«j ^f- «LiLi^l i\j>j)l\ i_#LaiJi «Li..*)" 

£ ^ c ^ a c € 

^Jp ^ l*J^I (^Juib ^juS" \>lP ^ ^ A) jl ^_$ ^1*1 jl Jjilpl , 4j ^Aojl i 

jl |j»& ^ j\5"Vl ^^LaJli . Aj^jyll 4 j^J aJi 4jS" - - *»-t ^J^s_JLu ^ ^ jl jjJ I g - J1 

. Ljl J*> Jljj l* ^lAA US^pl 

P . ^ 4 C £ 

J lg_>-lx^i ^jl OLjV1 (ii jy>- *L*L*Jl 4-s-^-jJl A-> J&j j^llJtjjl Liul Jjlj 

O^aJl t\jy£ y* t-j^r 4jjJjJI 4jjjta-Jl jj ^J~i Jij . jyiJl -L-* 4 J?.;;,^ Sjpl>- <j*Jjjkl 

c c 

oj>La] 1 A>-l L&ljjl 4ji>-*)L« oJlaj . y jjJLil J 433^*2^ j-0-^* ^ji 

jJJjT 1 ^Jp 4jy*£*Jl JJ>LJl^ll jl j^5" . \>^P yJl«P 4-^va** jj> 

oAp ^l^iP-l f ^Lr^' i^JaJl ^I^pI Ji jl ^iJl *IpjJI 

flp ybj-li 41 pU* ^jjl r-i>y*l oiaj ^IJj>Nl jy» iL*L- J Ai^Uail <uJo U ^JiaJl 

# c 

^4 ^__J jl i^^b' • ®* lt i ,< -*'' AA.il-v2> L^t-Iy>-l 0-t>- ^ c l-L»^- -X?-l vl-ihtjj jl . \ ^ i A 
jK~ l frf-\jZ>-\ j\ (3^-1 . ijjiaJI \y^o^-. j' JiJjii' L ^ > ‘ 

.lil^ji lli ^ -T <uL^-^4 ^1 T JJUtT^ ' ^ ^ 4 ' l.jl .4 4j^jJai' Li*l> ji ^ j' 

• 

*• Oir^ s i k,Si\i-\ jjiiN 0\-^\^ jA l»*i 

t t * t £ 

^UJI jj^Jl (3 t 4^^Uj Ijuij jl li>“ jl j^" (^jJli . ^p 

4 e t 

,J^>- l^-ULn-j 4 j jlkjS* 4jyj}\ 4j^jaJl j^j\jj^flJl ^j-^ 4 c£"^ ^ 

j I^L®-^ t j^jUj-iJl ^J^p LCyi jSljJi Ji jJJi j£" ^ jJiJ 

c 

4-y^Jl Aji^iaJ 4pl J ^~I jb| jK" t* jljp ^Jp 4 L« t Ajj^il 

. f , < # 

j 15" 4^>J t OjJji- ^^JaJl ij^iaJl j^S jlj jJJi j!5" . ^>l*Jl 
Ui>- Lus^l L>l jA ^Jl^]l J . fi^LJl Aj^iaJl jjjj J-4lAlil j& y ^piojl jj-ill 

y> 4-w^JVl djljjl^Jl (Jj-j jl j^-i <LJ^J^-\ Ji AjJij]\ Aj^jaJl jl y* 

L^J , li> U jS- JJlJ jI JjU^- l -tai^l Ijj^vl Ji* t LuSsJ . LL>- ^lUl ^«x^v-j U 

. 4»ol*Jl d->«jl (j^1? ^ I^Jl ^jP 



l.X£ 'p .' 0 \-£ v i\ i\nJi\ <iiij ( j 0 yA& i.V^\ 

^t- si 

4 l.g. w Aj ^|p i-iLjsill ^Imj)J\ AsLii)*-/ Sap aJL-il ojji ^ 0 ^*jLj*aSI ^|jp 

-bif l^lS"" 4 _L»jJI jl jA c I ^p 4 • -' J v If: ^^4! j* l£ jfiJ 0 >^rji Jkij 

~ ~ t " t c 

. 0^1 ^L<r «lap|^ l 3 -^^ o^Sn-> ol 

si *ij» Aiu^o o\»ci\ j* s_-»4 W 0\»jaA\ ^ ^ 

<? ViWiN iWiN 

* $> 

sj^ ;J ^*- J 'j' J-3 OL^laJ! £-iyl ^ 4*> J^Ui li j—j-' j*^3 J,; i>-l£ Lit jiil 

. jJJi iijJ» 

_ AoJ&AN jjk jj»Je ^t> oVi»i\ s^ju p\ ^ i-ft»i\\ &AA 0 \ c3>j^\ ^ j«Xj 

. V^-Ju ^ 'OV-p'iN i\*Ji\ *aJl£ \A 4 pr 

■>• s ^ . 

. 4iilj j f.*^-l iJL>- 4 j*-> 4 Lu-f*j liJJi Lu^j lil U—>■ j^xi~- 

AAAJiN i^pVi&V j* s$\ o\-^p ^ \yoy3 0 \ ^5 aAAN s Ia ^ 

^ V'**' - *'* ^ O W yo ^ -N 

ijlJ-l UU-T) oL-i-l JA" 4 _jL-a- ^ ^ oViV^lJ Jp J-^ Aj-Pj '1* 

l*p <u^ll »Jl* £j jl *Jq~..-i lA»-l Jl O»-"' Vt ^^5^3 . klJJi J>i IfO^pLij} 

* '•■' #s i t t t 

j! Aj^JaJI oJu* ( ^P \jy^ s-»jl ^p \a*L*S jl 

jljyMl 4_iUJl ^py^aZ-. iJjJs- jl^il iL»j . ^a>tjJl _jA kiili . A-!i Jj< 3 ( *Jaivw 

jp-yiy 4 Aijy3.l Jj>- I3-* si ‘~‘3S^ 

. \jjb Jjj- «JjJL»- S^jij iiAA y~»\ 4^4“ -i-3 . 

\±* y afi ^ \i\ vja\>\ ov^\ si sr^ N ^ N ^ s * 

tcS~ ySypjti', Ajj&jp- Aj^3 aJL~a 4jl (_5jl L« ^P jAJ iibA 

. OL ^JaJ l (j ijjiild! IjAI L^t 1 

^ • • 



'hM ffcAc*' j* j* ,j4 ^ J*^ J®** ^Sjl *& 

^^Cmi N jjk 0\ Air»*) aajS^Aj G\ ^A^i 

1 JkiJJiiN ^\jsM\ SAft *Ay 

OLiJ ^aP (j (jLj-jiJ' Jlaa; j' **5\) -li>- i^g Ljj -li^-' . Jajb jij j*JlSjl jt ^Jax~«t 

. t ^ C 

j£- Oj^ia-J L^wLiP 4 <LoLa11 0^ 1>>.|<3>^J^ JJilpij . Ajy^Jl 4jjjfl*3l 4-j 

* c ^ P 

. s-IjJ-aH 4j^* J oIjjjI ^Japl j^ l-i^ UUj jl> 

«iuj» ^ \^o \-»«uN»a\ \jjfi o\ AieiC ^ <. t\ijji\ '^\3 ^ «Ny^ ^ Jw> ^ A 
r\*‘^- y\i&\ ^\ij) ^ ^caAaCmAN Ao . M « V t^N j A,i j i ic\\ 0\ »,5j) ^ Naa ^ «|\i 

^\ii\A*A tfJi <4* ^ W' V- JuAj V^y 

I « * 4 j p 

^JJi ^JLAaII S Ju_L£- <_jlw^ 1 4^L*jjl J^AaJI ^3 1 

3^sf- 4~*y±£5\ Aj^jsL) d-JL*lP ^l-^j wl.L.»J . d.-lj J*>- ^oLv* ^ Aj^JfljJ) ^.\jyj^\ 

* c 

J '-p^^ W-*-£* J j . ^yjil jjy: L*ui; oj^l ^ t <Sj~*y -M>- 

. C fi 

^Sj J jl t A-—--Lii>l ^-wNl i-bj> C. c aJbJbj- O'^ApViJ jJ,! laol JjuI^ <dJbJL>- 

. <jiiJt> \jjJj>- \jll?i c A^-^rJl .^w*! ^a\Joj 

* *■ * t > c t & 

\_j|^>“ jp^i Ol-*is> L>-^-%-U 1 c)l LJ ^*Ij1 c-^JLwIa ^L^uaJi u^Sj 

* > t t t f 

o^Ji«ij ^l j-**^ OyiH N cf*j * j& i— 

\)\j>~ ^3 jl $ «^jl <—,. a*a< Nif 4 .L«ll 5pA>- t^\ ^\^-jl\ jy^JL) i^S^~ 

0 

6^j\jjj jlj 4 J-^P ^-Ui jytJl J* \fJPr oSa j£ ji . dJJ-i ^1 Uj 4 *jV^0j\ 

4 o^UL » aIjl^I uJJl» jjli«*i j& ijl^yi Aaj1^s_»L 0^-1^ 

i 0?^«' 1—>L->- ^ |(£i t iljil ^y^-. OL-Li]l L / a, V J-A*. 1 

1^ ( iJjlj jji c5jy i_A..<a7 jjA 1 .hyhij tL-iVl (J jj-L*^! jl L»l 

• “4 (»^' J*- jji^ \yjpH (1 y' viH-ii t fjJi J*ii 

^ # 

^P '-L«o (J* 3 ^ L* yfyt ^ 

~ * t t 
JijjU jV' L*lp (_K* j-^ii»J' o'a^.miLI sLjji . (j>ly j' (Js 3 ^ 

Lili Jkjr-jM» jlj t iiJlj^ll <u^iU*il ot«->-^-l ^ ijyS" iL^JU j*-sa> L»yu LiaJL>- 

J*ii 4 illiili ^Ul^ib 4 4ijy»il t£jk 51 iJ/Ly^y (J La' • L ^ jL^g y) £J»W» jUat 

ij j . <a : * J' Cj ' a...-4-I |11p Jl ,y LjlJ. ^iiJi t_-Ls>- Aij . oLiuJl j 



p J 

{j* \ (j-^j • cIjI^< . .** 4 “' lS dJbJj^- 4JL* 

^ I 

4—*A^-l iiiJj jj^\ ^JLliil c_. «.-> N j *iJLji IaJ t Jtaj <>jjJaLl 

* 4^" L*J 

J 4 'kflj\i&\ }U$iV ^n» j£d ^ *i\ ^ <.S.HawkJng ^SJp. jk^» 

,\^Af C-ijiiN «AJk* k-A3i\ £& ^ a^5\A\ 

ti "*aoAi Ad\y j»Aj \‘i\ (.‘iy#j\ii\ ^\iji i}\ \tr,*\ y» 

s . ^\j ^ s ~r t ‘. Jr—l ^ ^>6 y *. kjki\ t\ijji\ •j^A». ii\ 

J-k^l i a jfl-jii .y ,* L «I^^a ^ (Jji (jr^JLH Bohr ji^j O^jC jlS*" 

l i ij . t l |*>J| jJLilSv;;* (J jl ljj>- L>W»lj jlS^ JJJ Sji Jj*jj . \ ^ ^ i ^lp C jjj>-JjJlil 

LjJ J jl 3^49 L .1«|^>- , L?* ^ IjLP 4 SjAji (J L» ■ ''»*- 

aj j ' /a'j |I j*—<L>- (Jl yU« j*^il jlj Lwli jK" . j*^Jl jJUl^ J L* 

Jju Nj 4 aIa^j 01 ^-^jf V U} 4 -b-bt-l jjLjl^JI ! JL* 4l«jj jl i j^£ L* Cfcfi |^J • -ki t)L*jl 
. ifj^\ (J 4j-X^-l (^JUI (£jA^-\ jjlljl (^-C* 4 ^ ^ Y O ^lp jjflk 

0 £ - - ».- * wll i ^Ul j »i ’*» '» jl) $ lLUj 4_0U ip (j 4 ii/pl £* 4 JLSsa-1 

^ ‘j . f.LjkJl 4^^ Jlik \ \^jjS 4 I T ;>~ 1 ^.4*- 4 Li 

£> OJj»- 4 <^>-1 ij*j . «.LOiVl l_J (Jl -Uj J-^aj jij ^ k-JLsr J 

U UJp t_ *./i.i <jy^ S-*^ (Jl J-^ ^ 1^1 U»l Aiipl 4 

^Jl LJp 4-JidiJ J U- (Jl J-Ai-* idJa-JI jl C5;l . ij^liJl «.Lj-iJt Jl>- aJI JjJi-- 

* *3 A-P^4^-ipl 4iil^ 4 ^ ^ 1 ^ -* 1^1 ■ Lfe; j ■ z 2 1 



caA 


4 aJUp! jjj . jjlJ ^ iSdll jl ^ k £ frLj-ill j»— i J iLu-i Michael Green y_jc. JJl£L_» 

. OljJs/t r ^ 


\^yfiy> C~& \j»04*- *ija& #iy^ j* jr*3aft\ 

£ £jZ ViVj.^ ^ \Ju jLps^V lij* 5 ^ ^ <t -W'V 

s ^\ ^ 

^ 4 l^I-ljlj OUtj jl 4 (J-4^^ 4,3 4 t«A*- Lj^jlJ ‘ 

^Jji\ 4*JJi ^ >jVl CJlT . l,v*l V v .-tC- ^ jj! Jl^i ^p eLj-iJl ^ JU 

^JpLidi iJuJuii _oUjjjjJ>l Ju^jj 4 _!,l <_5_JLjP 

* * 

•Aij . Ljk otSfjljS"" ipj:.p* L^lij oU...>fl »«V t!)l ^Jai—J ^i.y^ 

4 OL^i—Jl 4_j t Ol.» 4 ^JUj ;L J 4 -L j J LtJ t ^JpLilit tb^*J 4 J ^ 4 */' ; ' t." -C 

4_j ^♦P'l 4,3 O-AS*" . AJUdJ^/i 4 -?ljJ*A]t 4 J)\jy^j 4jl^pl ^JzA) UjJif 

Lfpi ,J,| (illi (J 4 _■ ;.»Jl L y2.t») ^4*JJ .<L»m S-bJjM jL £t)I\ «j^. \jji C-. .-Ah jij 4 st^ 5 jjl 
( , < # 

4 ^ 4l—A4>-l . *A 1 l| ? ip 4 ^jIrtLI J^p IJl>- 4jill^ 4^Jir 

• 4 J 4 £_ _V' iUi £-* 

*-Vj^ 4 ^ ^ yV » 1 ^rif’ ^y j* jAu 4 4 ^\ o\ ^ jV Yj\ 4 Ai\ 

^ <£$** V' jy * 54 '^«^ 6 ’ 4 0 aJJii\ ^\jci\ oVi oW-«Jr\ ^ cO\i^Ai\ 
OV^N vito 0 \ U» Jiaj ^ Ja<w \-jji- iiia jJui 'iN 

9 la. 


^ .r 


Ot <• lLJUj (j i C-jlS”" . jbjl ..-4~' Oi jl 

f 0 0 

il)l ,j^-S t i-bJLiJI ( JjLji 4..«..^)! oi«.... m. 4-1 ^ _yk^ c *)0 l* Oj~Jli . jlyNll *~ZJ 

OS" lij . jjjj Lic* iS^a^jA iLja a iljIjS* *j\Sj i 4 

l^-La-l 0j2 i—jL-JN(I ^^4 IjL»-Ij O^j Oi kilii Oli c jj}\ Ljc* (j\Jajl \ji» 

■S-^o* 

S ^N\> ^6- 'fi i}\ 4^ t^A\ Njjkj c ( * ^dumbbeU ^»Ai\ iuiu 

* * 

*~> d-L a <1)1 • £^t >1 “ s ^ > fc i*-^ 

L* L-jajI IJlAj . dwbwLjJl 0 *^pLLJ 1 j Lij-LL-l 4 

. LcjLaII l *JlL LlS^l_J* ^p 6jL*ip1 

^ VH 1 ^ «3w ^ £j* 4^V N<Ni» 'i-W 0\i^y)j»\ «J4y#jj> vi i>\ ^ 

• 1 ^jP i -3 4j3^yia l^-l -A A ^£-1 4 ^ a i 

^NjjN IWi |\,\ O OjV^*- 'iN . Oy t. O^Nj^ *Wu j» *J^N f—V' oVO* jfr Nft\*^ 

9 . \_*> 

^ 4 « | 

ti (^‘ a * 4 ij—«»-Lil (j;^>-1 4-a c (J#VI l*i* (j'* gfls» i—; • ~.j t ^r**^ 

. JjjJjJt 4jjJa;ll ^^U-l (j.Ja'Jl IJIa 

O^ I jj • * 4 Ijf l-i-A ‘^J l* Ol 44*4^“! 

j 4 j_^j ijr^i ^ (^-bJ-i (j Ol ,j^j£ Ij? 

<^dJI jJp (jO>-lJl ^ I jij yu>- L^JL» U^xJ c-*>ii l(ix! <. cJ^ll (iUi 

. . »-»•* * * * 

Ifs* •A>»ili (jf* j 4 ^ ‘ ~ ,*i*r^ 4 *^ A 0^ t jl (jjlUrf -L*j c Oli*) • 4i>-jil 

•k/3 jlSCi oL—J-l 

4i O^ \» (V J>. s^it ^ V*jj^N jp'VN (. viys ^ (. 

^o y ’ iiJjo VaV*i .ftAf.Ni) ^ (y 

o^i^iJI »jii\ jt- C~V- (^sll *)_>^ >* —Ol.; : « ,. —i l jJJl^l ^ (^1 —Or*!^ 

* * * 

j*-^* j (J-^»” ^-Jl* l—«-A_i7 jl .la(_i-<w»J! t (jjip-LiJJ »JL>-^4 4^Jk! iJljM 


(j*J-^ll) . ^-Ul Cj'^JaA ^Jiji J». »: .- i 5ljl i J^voi >-. ; .,ai Uf^j OliljiJ (★) 



StaM 1 ^i)l 4 a1j ^I L^jip ^jh<* J lSo! S-b-LiJl 

— * 
4(^1 olj^jaj (J 4-Uil JjlAI I- 1 A 4 «^-—^ . <j <L~-L-Vl 

* t 

^\£aI L-i^ajl t oLyJaJi dJ-lj ^P JL&l^Jl ^jj>d\ ol>-l>«-Jl < j - 4 i-jajl d^J l*j 

i^l liilj . Uly-< ^ j £1 jJ.siy .1 iiXlj J ,1 4i/jJl ^ (j-LJl |*ia*» 

4 4j^Jjjl 4 j j! . Jl 4 j^ ialJlj ^*l_Jl 4 S'yt^- jlll#l 5^11 4 4.« -J i O^i^il (_j 4 cl-jlS*" 

. IpLP L_J^aJ jl lIIIp i-L>- i_«yail ^rj-^ 4jLji^ 3^-L>* 4 l^1»:7 jl 

{ jP L>- ^ji (jjl (j ( 3 t?^ j>l Cj* ^ t£Jr\ jA Lj—jI^-I I-^a jl 1 ^ 

• frkr^ 1 £j> J* 

\\<£ s_j\^-\\jk S \i_y^\ j^i\jk \i\l» 

* # « . * < 
ob^jaj 4 jI Oilp JL&Uu l*_J IaLOjaj ^i-JI jj - 4 Lpl^jl Jl Jl (J,! <w~~Jl -5j*J 

«I 

4 «.tJ oL^Jsu £ *>\J> OjLnJI oL^laJI J^-^= Jj^Ja-JI j^Jlj^jJli . 4 !^^ 

4_aJ! olj^jaj $ £_Jl^J! J <Jlaill 4 j^ jajj 4 SJbJLiJI SjiJl JJl^Loj^i^sJVI 

4^w<|^> j^^j jl 4jjJilU 4 ^febiJl 4j^l 4 ^iaLlli P y ^P IfiV L$l£"" 

. 4jj.Aj IA ^llJ 4Aj ^Jaj 

^ s J*U\ t -j±}o& ’*■*^ 

. *jis* ^1a» 

. « # 

< 3 ^ oli frLJiVl i-b^ v_,».rfjll ^yt il . U IJla t j^«j 

«y>i j^-~* jj-* •^-’ijjja.Ji yuj t j,j^i iUjijj. i^»ui-i O—Jl ^5 Jjliiil ij^ 

. I .»\a.* 4Sw>\,p jS- oL^iaJI Ipl 

6 jjk 

jjP jijiki («j-JLjI Oli jlyl oLjJaJI l)I t Lj*) a.< 4 j-U U j> Ijj^; Ia^I 

«Uib 4 aJ t^y V ijjkz V"1 • I—s<ajl l)L*jJI (Jj ^ Jai* (il^il (J J5(S . Ayljjj 

• 4 ,?^ V- 

^1 ■<*«!! «JlA ^c- l^jlyi>-l 4 1^1 l)!^ i^Al ^i^yi oLjJaJI ^ ^>-L-JI i_Jl^-I l)^ 

( J i-jj Jau (J 4 _UUlI 4 Ljanil i_->l_4i>-l iij^Jai iJ^SJLJ ii^Jaj IaL>1»<J^ 4 4 ^>UkJI 

. LL V Lc 4l^oil 4 ^yLL N Lc 4)l^< LL^Jaj IaU>UlJ I^^J . 4 ; .«..L»^|^)I 

. jJaJI O-ilj j^l v 1 I JA (J Lfa-Uj 


^ . <s 



C.■la'*- lijV| IA V «o^lkJ! Ol iiykUaJI oUijUJI OJU^ 
jlp ^1^11 A*JI <ui o ; ti ^ jJI OUjJIj Ol^il <J LS^>»i* Ol£" lil t 

Ol^*jlJ) i IjOu Oj^OpJ t ijjJ^JI 4.1«^fl (3 t Ol^-*-lj OlS^ . <U«*^ 4_a_;i 

. * . * * c * 

. <LJl>^ S^Op j! t «Lil>»* jUjI <Uo> (j oL^iaJi OJt>-I UI . \Jm Ojyipj Oil 

S 6^sl\ 6jai\ £& (3 0^ ViV» 

u 0 t- 

. Jb-ly iUjI 4 j^\j li Lilp U jJLj U-* U'y t 4jjiy" tiAU 0}jy*J 

. (jjA-1 tiJJi (J Sj^aJI £-l-U (J Wj liJUi OUv» 

. I—jAja.>“ LOjUj oJlf V"*^ 4 ^Ij <3 4 5j—jtS""! 41^0* I .,> 3 )1 ilU* 0S" 
lili . oUjjP-lj Ljjf''! t frj-^all (j'* ^ji»*^ O !■«.>«-. > • Ob^JaJI o«U OjS"" 

(_j UI t 4 j jj^joJI (jSCc Lt..i> olwA-l o-U ^ ;'i iaj j*-^Jl <—V c--^~ 

. UU j'* tOU-»**U- Ui^£ jOj 4j jla * l l 

t\JA iyr j CiVt Ayu U*-S i^y® 's ^.■A 4A^\> AjJfli Opv-A j» jf*^ J* b \ 

.CMiismUty A^-iNVv ^ $-* «.yfliN j* 

(iJJij tSjJtJi; A^ki l? jjlf ^-'t* • ^ ir 1 - 1 * 

aioli . ig-yi aJi ^ >-b *j-uJi <>• W £-**- u* b_^ ols " b i 

1 5«. U i*jjad LjjJI iiUaJI oli ilU-l OV 4 4-^jl^-i' lJ jji* A A^“' 

_^*5y-l _ LJU- fUai Ipr^O 4)U-I 01 . 'oifry oU^-Uil OjIT UI «U** 
01 IV ^1 01 c >T Jiyc; C^I . OlypS-t J1 OJ^i' ^ > 0 Uli i?AP 

^ t lUpl^>:..iV Ulj? OJJ-iJj . l i^' 0^ t^-^ U tM 

jjft ^ ^ 

^JUI r JLiJL j^jJLO* JiA-l IJU ej iyLp y jsiS' OIT olo«~J! ^\j J. 4 ^U 

^_Lp d- 4 tf jjj . U u- o/i f t Oijil dJJi J jtd «/ai l 5>^' oli>JI Jp t> 

U»Ju^i Oir . oUi> J ^-i'J utf'ijif* 1 ' Or 4 ^ ob,LiJ 

L-pL; c~p>i (^Jl iijUdl S^UJ' OljjiiJI Jl^ ^ f-** d? 4 ^“' ^ 

\ .n 



ol-L^-j Ob^ii-Jl sJL* -l-ii . IfJ-* Lijyt» jlS"" lf JLaj' 

L»i . JL>-1 L^j >iyj i c _A...-.,ta.*i^ Ob>».i.ll _ 

. jSUJl p\^\ Jl& jo-J' j 4 ju-lU 

*? V> .-a\ \i 

* 5 S ^ £» 

l^i i ~..«o U-**N 4 4 j^./ a;»ll L»- ^ .. . U -1 tbyi y: (_j iJj>- U* U yy y^Uill £_£jUa j| 

oJU yjmJTj . J* Ua> Ob Olw^- j-u L* _k;y ^yajUoiM a_LS\J4j jjj 

yp ■ b^UpI (j ^-4«*lisji i^p&SJ' ^ bj-* $■y I k 4JUx~4jJi 

jyiJi j Mendelecv .JlJ-u* jO> . yup ^-L!l jyJl yliu ( JaJI J y>Li)i 

. <5y.!•.* ^yaji./?>- tl.-'b c-^U^l y ^Lv^_So) _^L*S' jl5^4 j' y,lil 

. 

t oLao _L»-1pl ou*^' ^oL>Jj 4 ^sL*J' L>Lo' <-)| • (*-~ 

jl i ^1 <■ iiil IjO-Lp 4_JjLL 4 J-j-a o ; ;..aT iAf- J. »' . «_ > jjt ^L-^l ^jij ^ij 

i^jjl i^4js* i ^ L >- ijj* j_pj <—-^.oN' 3-bb jl 0 T\_> Jij . Ol_)i ^ 4 £-y~A* ^oLdJl 

. sl^Jl J^>- 4"j_j^* lj Olij^^JNL» jj_~ £ ^J' 

* * 

Ok.M.sj-1 j*>b>- c jl oU.,., M j^l $.Lyj 

. l$»Lp' J 4JLa\£JI (JjiJl p-£* ^Jp t L^2jLo>- 

SyJl ^Jl *oL—^ w—*-kj >.— l^ . _ .. --~k \ iJ ^a J jl 

jl jl£i . I- iij^jo; o' «J...4-I 04 O 1 J ' ■«. |j i ■ JA j>^ t 5^il4 aJjAjJ' 

t t £ 

Lf*"l L*——jl wiiji . jf^Awg yp -U ^1^1 1 Jl-/* •»- 

jjjj ^wJ-i ji yj^j ji 1 jj>r ^ .k ,., - . a ^j» 4 _yj 4 Ji 

^n! ^>-lj jl ^^wji iwL^ jli ^_^3i (j Ui — cb^" 


iA>yi a J-A 1 


b-JLP cijL^j ^y]l ol 


aA>-j 4j*JoAiA 


. ^a-L>y i a~L*> o^L-^ij '3-4 p ^ L.4^«^» yjl jX Lj UI , 0-»lj 


>uy 


£ t 

b ‘—^yo V 4 Obj^^-Jl Ja^»^l 4 bJ-J-k w yLl-o2JI _Lft ^>-^1 LS^ly 1 yj 

oby^yil ji Ijj t y-1 JWLOJ , U ^ Jj y>LJ -kby OkyvAyijl^ Obijjy 1 Jijj 

yp iiyill 1 ^IfT 0-»U-—*^yi J^l y^*-> jl bl c Ijl^ U*Lc ( ^j£' >. _a1i1P 

‘ j^^r-J“l j ^Awai l jv (*-$Aij jl U.Lp 4 Juv-1^ l-u. 


\ . V 



j* t ol.:. » .... J l ^ ob_^JaJI ^'^4!» ^AJI t (jJlill ^liLAI Oli jS/l L«l 

(jjAfc Ol t AdljjA U^\f^ \jn>\£ Olf 1^1 t Ai^O OUjjjJlj jju -Wjji 

0 

■ O*-!} Ol^J JyL^aJl 

^ dA^A£ >j>i* jt ^\ii\ Ji>\^\ J» iju\i i*jj\ai\ ^ i jjili \ ^»-i«\V u\j 

0 

. U»i-C JJvD 


H A£dii\ iojl^N 4 o^l\ ^ JliAsil ^Aai J»\^» 
LjJU<i Lc LjJjlc- p t A^xiSl i^ipl oli^JaJI ^ iii—J oA>-l lij . a-U&I aJ U yf 

i 0 

<j^iaj A>w^ . y* ^i a!>JL* y* \)jf y* JjnjJ i^JjU 4 ^JiLiJl AjOjLi 

. y* I^jlLj ^1 ciJL^Lc^l yA ^L-Jj C-^l ■»_. • •-'4' 1 ' A-i-fc y* i 

^ \J»- j£\ )Ui. ^£i\i (. ajjk Acfr L OjA»- 

{/■ j HV"l ijy <J ~ 6 y** cd-l>- -Ul 

0 0 0 t 

£-b -LP Oj^i> -Uj 4 Jjjl L N * U Lpjj i_-j y ja\ IJl£»j . ^ y 0 ^k\ <j ^l~>wJl AajLl* 

F.Gliozzi (^jjJlp -LiLii,» j £p'y J^j ) ^ v “i ^ »^iJi dAL* 

1 i * fl * (JjLlH ^LAI aA>~ (^AJl ^JjJjcJI O^j Ol aJU>L»L o_>-jl t ( D.Olive ■_»-jp 

. C. Al |t-^" £^v»l} ijuli* Oji pt ^jdspA IAa 

, * i ^ 0 > 

iiJli 4 j^y oIju \ 4J 

0 ' g e m > 4 • 

aU> aIj Olj l—^2pl ol Aj^JaJi jlj LT ,>U1 

0 * * 0 

<yt |^1»L« u .,, . ,1 Ljy^sr-J Lv»j 1 tLUjj i ^ C-ipl dii-j (J IplS^ ^ 

^yLiJl jl»LJI (J-Jaj (^1 1 iSJLiJl iJLSiJl _l-tf-l} < 1 ) 1 S^ ^>-1 (J ‘-^-’l^jJaj 

aJjJlAI ijjJaJl 01 (Jj*^" 1 IA* ijiiAl«JJ — ■ -»‘A Ji jlj - AJUiil 

■ (jAsU IA* ^ 4 * <j 

Ai^aA\ ^\ 1 . A»i^\j ^ AaJoAV i\ 

Ji>\2 dj\i Jajl^\ 


I A-js^ 4 1 08^ J^" ij jJLill jJ»liJl 0l 08^ y*^l 01 Jp 1 *! 

<aL>- La>- 0S" <j*i/ «Ij^aII aJUJL^- aL^ Sj^iS^ _J-A^i ^JAill ^jaUi OlS^ 1 ^Wl dAL ^ 


\ * A 



y 4 4 

^ M • Jft* ’^lr^'y aJ-^P (J 4 ^\p I^*£ 4 <>j\>-Nl ( J-*tf>jJl 

jjJUt jl^A $ Jl 4jjJjy^ ol* ...■■ > - jv y*&j <Lyg jj^ l^btj Jj£ jl ^XjC 04 ^" 

4 J 

_J»Ul5K"^ L J! ; ..» jl t 41^ ijjii jj^L^-l t Ijj IJ^Okj . j^jtll vllli j->J-bi- iyUail il./al l 

i^ij^ £*b i/i (“-^ (►*/ ‘ ^ W~4-l -^>-y (ii <-* J -r hj& tpLiJ' 

. jSll ^>■ 4*jJx!I (J _J»Ui51 lj> ( Ji» j>^-j ijf- i^Jui^j 

C.«»i viii\ 1 4sr*\>- -jy\ii ^\ ^>2 j\ 1 \Aa Cj^V NjkJcfr i ^i<p3 C*£ ^ 

^ \* (^ J-J CiN iii \A* 

* - * 4 f 

jl ^ilj Jljj U LS' 4 oL^iiJl 0 -i* ^ jjJj^l jcu-J 1 (J 4 Uji JiiUf-l 

. 4^_y\^* Ol^iaJl iiiij ^J*»- (j •5-^ J *ll S-ljIji* (Jl JjIjh J-.<a4^ 

4 4 4 

(J jJUi jKj 11-bf fr (^ cKj 9 (J^ - Lj-d oaI^J Uli j\*> jj 

* * 0 4 ~ 

4-AjLijl Aj^JjJI OljjJfilJl jJLLj i y* 5JL>-1^ <j L_*L—J>- jl Llyl J-A* . N ^ A N ^lp y >-1 

•• ^ c ^ 

ll-jl^J 4 aJIJjJI l£}^ 4 —A-AJjiill a *^f 7 |Jj>l 4jC-VP j\P <>»-p ^Aa*J 

duJ l^-1 LwJ ^>il 4 jC.Ap ^jIij j^aj liJJi SijyJJ aJIaJI CuL^laj ^ 

. j S/i -UP 

S <£ j* y\* 

L j\ . ^ - r ^ ~ >> - jv ^UJ J\j3-l 4 Aj^lJI a-L* ^ 4 l_— v-^- jl cJ^L>- iij jj->l -L^ait 

.i^yuil ijcapi «)Laj 4*^-1 U l-U . j> 5>JI iJ^r^ Ujj 

S wi>^jpr ^ Oi>-j (Jj 

— UL^a^ j^Jl oLJaJl ^ Sa^-I^ 4 j \JjLj Ja_jl J Ji\l ( ULi^l XiJ 

1-Uj . 4 _*Li* J^jJL c-ilT 4jjlaJl jjir jl —4 jLU> ji^i jjj^, y ,- ;i<r 
4——J ^ flJ^J.1 iJUiJl olj^iajj . Ljiji illaiJl g;^ 4^JiJ Ijj» 

fl-u OiP u^u»l li^Aj . jJL" v-j^Jl v_-jV ,>W J ^ ‘ JS"Li-* Jl iji; 4.UJ1 

‘ L^ 1 ^ J / (*^* '-U<aj ^ 4 >-j^l (Jfr Uji Ij,*-! go- 4 ■pS' 4 -ijki ijaijl 

^ . loii VsjjAj j 0\i\—«>■ g* i^A.\ 0 >-j>- 

\ jji 4ija^\ 0\ JjiC o\ ^jrr—l 

l -<1 



‘—cj jA 4 jNl J U L* ^JJl^ 4 _Lfj | 4 j L« jl jS^jA . '^S' 

« v34\ \j* & ^U\ oi* JlT 

^-Ui <_£jJ ) JuTUl j^>r:.~T AjyiyuJl oJw^ . a_j Ij^Jjfci *}LJU jl 4 juaJ-1 

— * 

4 aj^LaH aJIa^I Jjb l ^yUL*] 1 ) *o jl^i^» ^ 2y>rji i^iai ^ ^J-P 

c . jJ'Liz]l ^ .jz > ^*yoS' jjy lSy~* aJjL^ J^Lio jlS”" ^ y^y* 

aJI . ^j+iy V 4 aj>t .::ll a j _a ^L*i AjjL^p 4_Juo bJul ilft^'j' -^"Ij (■ \: . u \ i 

e c. 

Jy*ll j* jl oU ju>- Jl t L.Alvarez-Gaume 4 _*y-_j^liJI ,_ri^ £* ■iSlyj'Vlj t 

lZs ^' «d^lill yj Jj v_—^ OL)L^*>\j4 ^jA 'V 4 4A.]aj 1$ .~4; Aj^Jl j^\J ji ^ J^>- 

(J,j l-*-jPPO jiaJl/J , vJ^ij>jJwjJl ^1 4 AJLiiil Lp- £yli 

4 ^L^-JVl lit5^ U>w^53 . <JL>-yil $Jjt> Jj-P '-L>- ^■yo.A IjlS"" Lk^i ^.jajl ijJJp 

^\P i Ji>~ SJuaj 4j y^\ Aj i^Jajjl jL <*!—.-*>■ 1 Ol jJJi . JuOiPl l> 

• J* 1 - 1 j 

M&iu» \^\3j\ jpi- t ^sH\ Jf- wJ.jii' wi\y> G (.N^jS jjrf. ^ 0\ 

^tw>j ^ jj\l G jf«j C-j 1 ^ j^i . O^i ^ 

^ yfn_P Jy»> . ( ^£Lip\ ^\«^\ jfr 0\j^*> 

^Jl (4_^aljl-l y^JiJI jl 4_iLiij 1 —Jyc-I UL»-S-I I^ULf y^l j»_Llc»l W ■ |*ju 
ay t. ^LyAjl j/1 .,rt *l jl lyLj y* jl jJ-j ^ *■ ^ 4xi*> j^jl 

<_^yill ^ l^j jj^ *ir! ‘ iiL«i!' ay J,) SiLiNL; t jjic N lyl jJJi . ilLilJl 

t. * _ * ^ t « 

k.ii-1-i 0^ \^x-^\y ^j^~i f 0l y 4 kiJ^ *\j 

Ax1ji> '^-^ijte-* L—aaJuiS^I OL^LiJ\ tL>J^>-l 4 !)^ < {_y an i 

ol-».»W jl dj-Aj . -liii 1^3 L5^ Aj^laJJ O \ +. OJJ 4 ij. *.t lij 4 l|p| . Ja At 

c & g 

t aylitdl ijy^ll OljjjiJl j*—’L; ii^yil c 0-L>-NI ^ly^l a-i*j c jy^l 

C ' 

■ Liy^l ^^) J -i yUI ( Ja** Aii«j ^Jl 

(.\iXfc . 4 1 ^ 7 ^ 4jy^ sj^ *^KAi 1 > _^i'Gi j\ \~.»W Oj^a ji 

. 6 Jk»-\ j 4 j^ bi j\ 1 ^ 0$ 4^ <• J?" jsA*. <■ 

" V' 'r^ \ aa\A\ ijji^\ 0\j^bA\ ^•X£‘\aA 

\ k ■ 



•0*^3 t ^jt £jl tSj** ^ vilsi^1* ^p i_A*y bl> 

i>lP ^>-J jjp (Jj^—J Ji (_£j}r-\ Jp <£ijb fjj i A»ij>«.^ll Jjtll ib^U LL*- 'y U> ih^)ail 

.^pibLl cJjll ^ oMl 

-JL>- Jl ^ sOjOa]I OM*}/' 4-jjk o! JUJI ii^i» Jp bo-lP (Ji (Jy -j 

f 6 P j 0 

. jl ^ i^b^* L -i ^ — i &^3 61 («jjytL» 

i^p *jtS* (_-~~j ^J>> jiSj ^jA 4*i L» t l-b* ^ til js^t ^ 

Sj^I! ij^JaJI ^ tSj*^ tw-ily- i—»iy OJJjl L»iS^ liJLitj (<i)j^ii> ^ Li*- Jijjl» c ^».i.;H 

i^laJl Oj^S (!)' ^ialij LfLJjJj t IflJJj ^yt Jj V 4^yfcll» sJ(jJ j>- oljyiv» ly d)i Ji.‘.?C 

. t£ab (^ jjJaibf jji^i jtS^t 

i}\^ . \> ^«£ 4-pi\i (^\jl\* *.-i\.-\N lA*A«&\ iu^\ 0\*^oA\ Ci\ (^jfc Ci\ Jajl ^ 
jAfciN NjA i>H \^.‘mu, u*i»^ \*Arf- ii \^*fr 'V j^ ^y\£i\ 

^ ^\*i\ \ ja ^ djA£ \i« aX<Aj* jt \jjAf” 

^U- . J£ll ^ £y«3>jli £ jlJ -^■ " ■-i j*} ^ai«-iJI y dXii 

JS" <l)t UjatpI c otjjiaJI «JU& 4jjyi£ (jw L* u y j ^LJ-l bj jll L*-XiP t ^ ^AT 
i^Ll»-( olji»b7 JlpoJ (J jbiM U l)L li^* klAii (jj . 1 «■•» - Sij-ltf 4^jJl OlijJaJi 
ij (<_£yM ^>-y j£j\j (Jj . illSlit frbiL»»lj <_£ a«j.,UH <j[y J^-t ^ oLj^JaJl (iii> 
jl^Ljjl JU^-yll Sjjiai ♦y't 1 ,!..< ^ 0l( jybJl i3lf t w* b’ ■ ;» ■■ -" y 1 -^ 

^sJI ol* ^ ^p* oli^Ap (J^*^ *A>»^ l 4 ^®^ 

. -L>-tj JaJoie ^ c ilUill «.b^b t t5y]l JT (Jp 1 J> : . t . 7 ) iA—UJI Uly 

^Lot jJp j^bJ «yUsiil J»» j i jy«^M JL^-yit J>^ * OMl L*t 

^Jjaj t ^-;-** (i ^ 1 (^ * '^‘■b *^£.j$~ c-*byL»-* 

bjl^CajC IJl>- ^ylu bT bit bj t ( y SljL; o'.j,-4-1 ^ju -la^i ^JiblJI ^ |>* 
'^b; J>- JU l)I Ljs^l Ll llj Li yL«u LS*' i j^xii JLyyli oLjJ&i - 4 4 

ol>Lii! <iil> ^ J>-(^ (^1 jj. iJUiSi iiBlill ^Jl t\fr\ L^Li^-l 

. 1>«A>-I jldt i UJLp c 9^^ 4^^* 

^ N ip^j? ilbfc ol Jll* Lu I^jlJ Li^>j . <1jJ&- ^JlJI ^ Ioa ^ 

* * * 0 - ^ 

l^* Ijl *r Ol *ijJjy luSJ i iiiiit oj^iaUli 4 cfs^il 

.La». 



^. \ S M siAjk'i (i y O* viAAl j jt\ie* j» J Jo Oi\ iijii\\> 

kill? i AjJij '<l)aj ^A*l y <£j* ilj\ijaj L*,L^I l j^t . ■ jf- olijJjt S^Uli! j^ 

(J&J ■ y ‘ y <■ Vjl 3^' ifjW' C-iK' y 

<_£ fjt**** l} J-»-" y' *i/fl ii/liJt («-Jaj jiUill jj» tJu» 
y tjuiS&t ^jJLp JL i^j jl tiJJ (jA^ C-Jli . ^WIj t ^ ( _^-J IJu» j^ I .iUjl Sj^P 

t l-Uj yj^J y ‘ ir^ ^ J* %*i J-a>- ■ *-“" Jjfl y iU(Sll 

Jjrji viJJi Jp ial^j . jUj! ^JLp y jl£*j (J £j-^i ^1 oj <^t t S^lp J W 

<_*L»jI ifj£ ji <»_-£ yi iijiaJl ij i-»y <ii 1^} • y-~‘ I-U< «w 

0 . * 

4*XA jJLtfdl «Lm^JL i>A &J(£ y-bfb . iJLitil y^P { k £^jftjl C ijf Jy^/l 

is-Jl jUjVI «i+* ! jis- ii-. ^Jomi JtjSS'j ii*A I ^ (1)1 £>lj j> Jlj Ifij . (Jyi\ 

dJLfc kJ^jju . 4_j^i slJ\ ^ L ya«> i y£ r *—»■* y*i*p 

j| . 4 - JyJaJl <j oi_ -..--^-1 ol j!_^ j IH l>j c Eg X Eg j SO(32) 

iLiybfi 4 iJ 4 jLSTj? oli-^lj; ^kLJ ljy*j EgxEg jSO(32) 

. 4_5jLL! 1 4j ^lauJlj 4 j^1I j)xJl ^ju y^P - 4....^J \ 

liajj» i *ji\j«i\ o\»^ai\ ^ i. i=—i\ 1kijii\ i\*li\ i^\ Cii\ ^«-p y 

^ <i\iii\ y y 

<y**i ^ y' oLjiiJI Ul^- jyj solidi iiJUJt Ok <i>*J' oj«^ 

il oL»^lJI jl y —1-OJ^ 1 —eLj-iJl) JUaj^/l ^ JaJ-l 

—viAJi SJjAaII »yil y <J\jj^i\ ^wJlf' tSy^ y 

ijjliill oyaJl UI . j^>\ y yjjja!l\ Jj^LLJI £ Jiill Jif>\ oLjJaj 

■ ol;-»«.'t. l lj i <1)1 *r*AJ t j£jij i j\jj I t S-i^i» _l»Li> 

• oLjiiiil y tj£-yi\ Ok _y 

Vf- > '■■ R-sr Oj^\ 0\<f *MN S ^ir^\\ y 

^ j*^ y *iii'»jcA jOm 1j\ 

jl sjli j£sj . 0»->w> 4,_^<a)l 4 j> jl Jjij jl j£s jjUlil ^yi\ y j)^a jj IjJiL, ^ 

£-*- aLUj [y i£j\ytS j\y Jfc N y oWjj-dl Jl^it y J 50 . ^ 

^Jj-^^jlS" t < ■..J al i J (*yi y oL~_J-l jj . oU-._ r APj^jt jl 



Sj^JaMI Jp L$ 1 S" ^a t ol*—— 4-1 jl jjyjiJljl oE^I^Jl jl 

• r+* j* j*) L* j*t jl i i£*il 

0i\ ^ ■ JV ^ 4 ’“^'' 

ViiiU,\ 5 4\ *$i o\ J-^ ji jl$ 

AJjJj ijaj (Jji jj . (.LjaiJl j Sja~o y* j%Sl <JiJl J 01 i j-> 

rL^i^J ^Jl ol ♦ £f*Z ^ ijjJajJt ikliJj /^^-5 4 0 ^>wJ 6j y*jJL>\ ijJlij 

i_Jj Jl>-jJ i Lii^ olj^laj 4 oL^JaJl j£*\ J L*l ■ ti>_^l < -? > y£' l~4jl lp* 

c oL>u JliAj . f I ■ ^» J 01 01 Jl iiLjsi/lj i-iy 

kjW j* i L**\ ^A OU^«OJl $Aa^ i jlj^/l Jp * 1 ^ Jl 4^J>vOJl^ 

(J jjjJJ (£j JaI JS" Oli Ii* Jp} ■ ^1 i olSjI^Jlj jjyJlj i oL»-—Jl 

<JIj- (J i jJJ 4.1 Jjl iiLJ-U . Jii> -Lj- 1 ^ 1 0 '.«.t.- 4 ~l yt j> Jui^ iLjiiil 

*" * — 

s-i>j 4 ^j/* ap 4 i.. >«>ii \Jl>- 1 ^ L*.*—k>- ^ t <jwLt'Liil 

• j ^*jy <■)! 

o\ 0\i*\ii\ 0>\ V^i ^ A ? ;.. ! i. O V»y J\ \j£ j^~Ja A^tu l c«£ Va\ 
i5 Jfr-*> gi' iito tV^j» ^AaA^JI^U^N ^\ifc ^j*i\ liAjAfi. 

liit 

^ . «-aAj U^.gJldl ^ J,] L>J1 jLvy J UUI wiJLlj JUc-l ^ cJ-iA oii 

^ir »aa jj 4& iLj* UI . ol^AJl klU; Ji* ^jy jL»l| J ^L| (.^JU 

</)' t^jK (*^l' ^ ^ ^ 0^4 ^ . ^jh»j JSl i>Jl Uyjo 

jp Jijl LuLT |J$o 01 «Jl -tPlJai^L j^rJj . kjut* s JJb£ Jp 

. Ua^ oAil oL>JI ^ ol>JU . .y „ ^ Ol^i oli 

^ j* \-tJ ^ 

Lilat UJ 16 U.j i E 8 xE g j SO(32) jJiLJl ^ jj^l j c-lij ^1 ol^l 01 
. oL»*-iJ1 killj l^Jal—i ^iJ! 1 * ■ 496 j ol>»-iJ! ^ 

j*f 4.....J1 *-i>j , oIJaOI y* «j> j~~0 «i»**» * * «Lo^/I j jjw J 

. Joij oL;-> Jp . L' JL -T ^Jl .^AiNl OlJaJl Jyl yf- ij^Jl JJaJl 

t J*U\ »A^I I^iis \Jb*. ^3^ ^ V* *^A»dl ^ OWwtiVk 


u r 




t ^j£' (JJ . < i _ . ^ . yi \ I ^ -- * ^yk 

VJ J*-** CjL>»_LJ| fO 't!* ^sr* a JJ~* (*“*J Jj^= <j' fr/*"U J&- i^-y <->L»jI 
(J 1 <Jy-\ Obvi Olj a-Aj-t>- O U ; .- t - i_iUtf>jl y 4_J| ijjh ^j,h'.:.-j t 

^ ■ *■ ; ! -A»j i cS/ jl oL»—J-l 4jjfc (3 1 * 1 j ^dl CjL>«..-. 1 I 

(j~~* -U* J—>*J' -l»l— j jJp oL^JaJlj . jjj J )£- Ji SjyS' 

■ V (i k-V «0j L* V“* ‘ kik 1 ^ «■ —r - 496 < jO*J| Jp (^jkJ «I/& ji 

j>- V»JcX-^ sk« fr 0 \j\—j- j» j>- c.!h;.< i>\ l ~ 

v . viil^ ^ 'i* . ^4» t-^» &<Uou Oj£ V^ji iiVi 

OJfcT I^j Ul^l—i i yj^j^ 0 y>- ^\\jzS)l\j 4 OaIj \ \A i jj t 0 "-*°“ 

* V ^1 Ol-^J-LO £J>1 4 A$w\^L* (^ Oli Oj^J A>0* Jl\ Aj jiy\ oL> j \*O 

ajjJsj 01 ^Lp l A \ j A \ jJL*p 1 ^y* dXkL~> 4 ~<>y ii^l iO^jJI Ol«ta a>y; 0^ 
jj Jl oLjJij jj^J 01 ^i^i> UT , tlyOJL ajh->Vj yOL* 4j*^p oli j0> L^OsJ 4 a!x—\^ y yJL*il 
aJSo^ y« L*li AjiJaj 4 f-Lj-iji <_$ ( ^4 j oli 0j>J 01 <_} Lla->- 0 -LL^ ^Jl ^1 4 ^j^Oil 

f M , 4 t g- -r > 

-Liipl . L ^i->o 01 l— *^>1 aJI iS_y- M jjy* c^l (J>1 ^ ■ " -j r 0 -i-li . Ol^j-OJl 

4 Olij-Ojl aJI- * ^jA ^- J Jl Aj^lkJl 4 ^ 1 aj 01 <Jj*Xy* \y^ jvi ^ 4 0 l 

t * * f t 

t aLi*L>w 0l A^jj^Jl AjJ l ^ 4 1-L>- a>1p 0-JV t ^_Lj l~ _ >fcf O’I^AOJl ij)/ 

Lpl£ Jk5 L. ^^vJl oj-lf Aj jJ^il Aj0! j*-^ 1 l- 1 ^" < J LJjLdJ 4 L*1 

ij^w Aa# . ^_j%j 1 jil ,^|SJ 1 —J. * & AjI— jfl ^-1 0 ' 1 " A 0 -■U^- 1 - — * ^ ^ Jl aIS^O..* 

* + * * * 
0 K^ . oli^-i-i Jj^ 4 L mjjjij Lj-li*" 4 L^l i %* aJ^La^ L-j^aj Aj^jyH oI^ElJI 01 

4 v t j \j ^^>-1 liJJi 1-1 Ua^Pj . a!*J 1 OJlLT Aigjaj 5^yi* a-L>-l^ oLujjJ L* 

(S laS^ liV 4 i*^L-a^ dJDi 0_^i 01 a-j iSs^ ^L*l L>-yjL* LiLi^”l iiji 9 <J^ 

JV 1 ^jla*J LJ— 3 - fjj oli Uj />-1 Ajl^Jl cjj . ^ I _ r w» //• ij-ioll ^yi _^1 

^lyrj ^y* aj V 01^ __'LJ-1 11* ^-1 j>jJ^ 4 5a>-l^ aajj a_^L 0J olijJOJl Ai!bL-y 

O^^j 014 _ <-y 1 ^ 4-1 Ol tOi^ ^lapVl s a* t a L* ^lap!' 3 j-p l cJlo^ - ! 

! ^JaaHj ^aJl y* 0-Ltaj , 496 

(.'i ^ *ijJA Ok^ai\ ftih Cj£ N^\U* j»N^\ ^\ ji-\ ^\ ^jo-...] 

H (^\jt\* yi\ \i* 0)\ iVclkj \ok C-M(* 



di. 4*Jb- diU 4 £***- ^ ^4' 4 dr-^ 

•Jlaj . iijj ii> it JJJ J** J^ (l ■ ^>' ^ ^ 4?'^ ^ V4' 

*L>-y jr ^ J«.l_d' «yU <J*) t *« ^ *T^ i ’ J*"Lr* ailp 

JA ijjA 4 j jjS di J4. J^'duil M t byA* L-i^r ^ Jlj b ^i>' >>-' d\r 'di ^ 


. <LLjJ' a-i* 


Olisi i o^- jAj 1 ?,-tl (^1 i A^>ju *-Jj ^ya-Oj>-\ l : u a >j JJl! 

^ 4—oLjiaJl ^jA U l)V 4 AjI^ L-^ t wAJw* i^JUi 0 ^ . 

JT 0 l ^jp l)LajJ\j jVi (j?^" JL>-1 L» . L-iLi# L>[^~ -la^J ^1 1 1 *4JJi 

4±JclS\ UI . 4j^-| ^.lawi 4 OU^iaJl oJl* d-Lfc d_— j yiJl 4.J »p ^ A^*il uJ^Ll 

i L-*>yL)l V^lr* Lj 5 AjyiaJi JJl-U ^jw U} c l-V^- J^aI^ ^ Laj^Uj 

4Jt~. 3j?rJ 4 j* IJlA . <_ JjA^\ a JL^ P JT (J l-if- 4^^^* ^ 

6 -X> ^jJctJ 01 ^ lili I^aJ^s^o jl ^jdJUbU- 0 ^U~ ^xjlp L-LI ol 4 aU> 

1 # i i ^ 

<_l^l> L*j^p QjJ.lud ^Ul 0 l 4f0>\ t<_ JlJT ^ oLjjstJl 

• Jl^ (J^ - J2& ^li <**\j-x}\ 6 «x> l j£} . J,jifl LJ^ll l yL* jtf*U ^JiNl Jp 

— 2 ->b|_/=t“i l “r‘ a !/* (J^" ^ i!l—i' a-i* J»- J^i>- (j^* 

^ yk dJUi . t_jysJ' id) IfcJi^ (_jui; * 4 i>- S^l ^ Jjyl (_ii k_-*jj ( j^aJU^>- 

. <4 dr* *b-^Ll (4 A j .- jt fl' Olp^d»ji' 

^y. cA^N A N\M 4 ^ vi\ JaA 

\i^ VjJem ^iof^N N jjk C » 5 jj y, (.IjNiiN sL>V\m^*\ 4 ^ \ A 

Cf^AiAN «\^ ^jOjUat- d\ 

d' jji t j?s-T jy^i t (^' >l.' «r - d' ^st—d . ■ >** . j* - dJJJ^ ^(1 

illiiJ' iLy U 4 ^-^ 4 *^ '-^^ , }> ^r-^' (3*i^' j]>J> ^ijJai ^ 4 ^ ULa>- 

. iijlij' 

. CA^aAV ftjjk J* v3W j\ ‘dV 4i\ ii* \jil dii\ 

4L*r t ily^t UftiJI yUiJl di . U JSLiu 7JSUi\ iSUiJI ^yi ^JiJI di JLjTUl, LiJ 
<Jlii)' d L JyJ' dr^ 4 -A4 jjd *—-jyj l^i . iijliJI ''dy^' ‘~ J ';ji^ : " 4 4 l .. -fyT 

. fr'y (j *4 ^ri^' ,y i*Jai iiJLiJi 



o\i cj "€ ^\£i\ j* Jju\ iii\ s_Jk^ J^JiA»i\Ai\k 

. ci^ <iiii 

* « * 

OV iUL^j lillij 4 ^Jl ol^jlaJI ( v r * t^l qP Ljjjj;- t_il;i£- aj^JjJI Aj^laJI j| , 

i»UJl 4.;.-Jl (_],[ A^>bjJj... l>jj£}\ iijjbj {j* _1^4. - ^Jt Ol^jjajl ( JJ" 

oli < iSj^i I oL*—-^-lj ol^l^ll} i)jz^\jmi\j OjJja!IS" c oL..> _aa^IaJI AJIiiJIj 

»1)1 (J OJJi ^y> oils£ a^jJ^JI *ij*& 'Sri ^ oL^ c AjUii aj^jS'’ 

c Ia>- i ) i^ilp oLf 4 j-Xo t3>J' I-Aa oIS^ . jUjI i^\ ___oli 

. A^JaJl ^-«v» ^ Jjl* Jji ^iyi tj Aji 

S ^jii\ \i* frtsi yjg 0* y 

^ 0j 1 1.1*- dy»l ■ oLiJI &jih I U* *1)T ^ JjSjJI ^Japf 01 

X».>i JjlI j^JI OjLil^^ £-. jv^JI j AjiaiJI frLi'Vl ^4 ^[«cJl c ( J s >»i^JLl 

LiS” ; (_^ OlA^JI ■«•II ^ IjlII IJi> ^IJLi»iw«ly c <_jLjJ^/I 1.0 ^.‘“i Ia (_^ 

Lt iiU» ^ «_jLt^/I ilj^l c Aji I (_jLj«rf»y <Jjl^ i^Jdl (^Lxil <^j!1 0S" 
AaJIj oUL- 4 ^j- tLOiNl iiyc* 1>*UP uJjl iJUill Aj^lkJI l"^*} ■ Aj i~*Ay 

»1)1 .)>«.;..4 (i)£jjjl (* J; *^ AyLiilj (_J^- < (iJw*;AJrjjJ «£va* l^f A*Ha A«Ji C (^^1) j m ■ *»" 
oi| uui; lili . jyw» ij-jl t_. it /*' ^iiv^ If Ij^S^ d)^i Ji Ai^l^i Jjy U AiUs ^ OjUill 
t llAj^lj (j*) t£-L* -1^ aJup ^ 

j^lfiN j£. Ailfy A*—t» ^li-l frUjaiJl jl( J^fiJl Oj jU sA* liJ) (Sj ( I j: « ;T; .4 . 

jj u ^.jalli lj> j| . j«..^.11 AaJIj *~aj Olyv lOlJ ( »1^4 <wJ^»j aJ <_J Jb a-fO j 

^Jp Jl*j ji i[ . U Lj5>- i» | ii N Uj j d-L>^ 4 Jai 4.^.1 C J^Jx. ^ 

. J?Li! ^ ^ y—A* AjI A^uii pLaa)! |^^a 1 ^u>-^ll 

^ ^a\ \ifc JA y- 4 iij^o'N-ioSi'U^V. ^ ^ ^ CpJ 

^)a* ^ j*~A I (^1 ( ili^! Jji» l « Ja -4j Ajjia» . <J-Uaj M A^jJ J>jfl <1)1 

. ajSfj iJ* j* (Uf- OLi c^i “j* t Jjlf» 'i AijT Oli llfc Jpj . V jWL* jWl* ^ 

. <jj^u N 4 j llnj |i L 4 4 C^* *— * J***** L/ 

1 Ai&\» CJitic ^ jii.^W Ai&\» 0\k\^>> ^i\ L ^OAi f~Aj£ ^jAZi Ai\ 

11 -; 



» AJU'Jb ij 1 j 1 ^ ^(1)1 ^ AiJl U ^<*1 ^ q*LA^ . ,tf mj 

Ljfljl c illiiil JJL^ ^ l^w> ^^U-4 ^Jt OliL-ll Ja^aJL olil—-il 

^il^Jlj t ^llJlwjl kjjiaj L>)-W i^- aIis^ Aj^J l A^laJl LftJ^P IJ-j" ^Jl uJUL^i.1 

. oU^iaj ^jA 'l* 


>-> \JiW bj^st ii j^\ <. ji^ ^ Va\ i&tte- 4^ 4* 

^ jf i.. t 4 ^<. v-h^ jjt j» C^fr** ^ 

& ^ Vr^\ tf>-\ sl^3 ^ j iWrj^ j* 


ijjiiiU l^JLs^i j^sJI »;j-^!l 4 </*J 1 4,S l^ (j-*-* O* -^" ^ ‘-'l 

J* JJ i £*■}/1 J* kiiJj J**' iiJiJU 4 W • c-*^ 1 4 S/» 1 ' 

<j Jl£ UklP ‘ <Jy*5l l^* £*-P <^1 ‘ CA*rj&\ *ijj tj* *^S c_-iji '~r~^ if" 41 J^i 
siJLii j j *-'• ji ^>■ Uv»v^ 0y£>^ Ji l-U Jpj . <_>jJLLl ^ tjJLa^ jl^JJ i-^ 

00 # 

. L_*L«jij L;lX» 5 jIp l* _^p LS^>»i» e-gj^JI 

r*^ v*) > «y^v ^ 

‘ iJUilt ijii iSjLlAt ■ * '1 - - 4~' ij* <l>l^il <& jl iJUJ (J ( V^ -- 1 ‘iM 

liilj j* Sftjw» i*Ja» yjr iJLiill <3 fjs^' Ua-^ 


CiV 4yi\ j*H«i«* (. ^ '■^‘ '■^—*y tiV^lV vi\ 4^ ^ 'H? 

S {A*$\ j 0\^i\ ^-3 

L^JL> ^iJLI j Cjji- lili i i^J ol54l jp J .“*• i *^ yjJl »3^ ^1 ■ (*-" 

j*j> I )a«ji+ liL-ij JLsr^u-i i ^54^4« li c/ 1 (<^-4-' 4 

'1* ^. - .1 1 ^117 .\ - | ^a> l 3^. {j* Ai-*> AlP d^l^ftll ii)l^*l 

. iil—*> i-Jj OliL^* ^•^ 5f ' 


4 \_tj <3 OV-j\A.\ ^ 4 ^j<«->»‘> ■ C.A 4 ^ C-£ \i\ 

oWy^Pr ^=*i o*^ (. ^L»i\ 4 VrlJ o 6, 

4 \ <• jfr Vijfai \i\ \>\ . ^ \_li\ft 1 \_^N^P \j^ 4 *wJ 



V.»* 'i&yt- j j\£l\ t ^u'iN 

.\A*r 

i • , 

(J***i c . ,, rt '" 4 t > '^ * oS\ ^>- L^L>- Jl>-I ^Ju ^ <a+*j <-ijl^[ . -^y>^3 IJla 

. A *Jl£ >S JjO |»-^J ^ 

. iU \jb* \i> ia\£*$\ o* \a\ s i\ l*Vk\ \SM ^ 4 

' ^ j\£\\ ijaj *yji\ &Vi\ <^‘* ‘d&J>}\ ja ^yA=i iA y-f. Jk£ 

^ io& ^i\ Vfra\*A iJ*fr 

jl Jj N Lfj . l^- Uy«Ji LS^ 'i/Jj t U L&ji iiia£ j^J jl JL N 4jUi>5/l jUji/t jl ^-jlj 

jl l^i }jKj jl t_. j£j c.I.ja i l kjj ly:ljj Kijiaj ^y» iJUill idjiaJ JS" jl <j_^i j> 
- c L* ^ £/**b <— Aj ^ J ~ ^ o|j l *i)l tf-LjajiJl 

ityJ A.fc»<■**.> «A^ ■^1« ■ — > t -lJl;jVl ( Je- <_. • • #'< 1^4 lf^ 

4 • 0 

ajj ji ^jasi ^jiayl-l IJL* jj . *lil Jb*- . iUaifl -U-l <£j 4-i jJjjij 

« * , 

A-»-j <;l ^^JaJ oi ^ aJJ Jkz |1 oil lili . -i>-l} j*< *J Jj^» 

4 4 —4 t 0 

j} _Ida^ |^Jw> l Ijju a! jl <^£" ^ *^lj li| uJLW . -1*5" iyf t JjiJI 

. ,^-j» i_^J I ^1^51 ^ ji -1 

A^i-ukO I ^ •- a • ^ lp AatI.* ^IajI AwL^ j! at\ .t.?li 1 jjk 4*> 4 ^ 

^ * 

. Ij^r yll^ A.Uoli «jJJLc I^ -^a»--aj jl i L* o^^laa (>* »U-.^I li|*^| IjU^-hV 

^ V^aj» ^ (. ^ *laii *^ai^ j\ i <.'Uaii\ A^aAi ^ 0\ \i* 

. V^-ii ^ iidk *4\_j\ ^\ju\ 

■ £v~**-*'*’ 

^y. Ai_d ijria j i. ^\ y^k i\ju) Ajjai ^y» yiad lA \y\ 

*s-» V}\1 S\^ji 

i^j^i I-M ^ li<^ •X*&\j . jj> U-l cJ^Jl ^ jv-fiJI J?- ctUi IaII 

^ ■‘ ^■** JM>" ,>* ‘ Ij^-i -U* . CaL ; JkJl a-Li ^>yi j*-fill ^l\ IJIa LLi^ ^T>U» 

kiiii) i l-U- 4-*ol>- iijLLrf» oli oLjJaJI «j> jl i ii^L^iL Lj \jij I^K" ■• I /»<■ <^j|jj>-| 
^~ll • ^>1; ijj^j ilAjsy» a ^ . j ly» jj^j obL-a>- ply^-L 


> > A 



pU*p| UjI JUlpl ^ ja <JL~a » jt*j t Jm p+Jij ^ il*l^Jl 

JLi i^a jjp *^ij ^H ai\f-\ ^y* bl (ji t—*Li> 

0 4* 

^.«ju 4_4jliiJl 4j yy>\ ^jA 4 .1. > f\ _Jto lL j ra ^l -i-Ai . 

Jji jl ( Jp C ^AlW aJL^/1 MaNI jl 4^1 ^AmjjJ I ^Uji ^ 

■<J' 

tVA'upV i\*l\ AS-» I iA»i\ \AA L ~y ^ OVi b^-py-t ^£S\ ^ 

(jJ» 4A£- ^\jk 0\ vitt> ^ \^\ici\ \aS AAjiut ^i'A byj£w> Jjeiu 

* 

. *iA~* cAjrjJyji aAt- !.\^—fl> ^6- 4i—i\ iWi\ b^oi'i 

jJp *>l.ar.~« ^.ili L£" 'ijl* Jp- iijiJ-t J ilL* ^^$3 ‘ AaipI 

« . * <* , * 
jl*ji/l tl^laj'y *c£j ‘-L3’ A-^ - Ajfy 01 ' .oU-.j J^ill ^ J • ,jr* £_ >3' '3* jt-fr* 

liiij l^-~i‘< (Jp aJ OjW jilp <_j ,j^<w VjI ii.iL*aU y****. «"^-k*" A» bj>o d)lj 3$• -. b jjp 

. ^UU J^iJl U* SiUHl aUi^l» 

^\ yt> Aib^ai tN^cuMV bj A»- \s\ t\^»\ vyi~A *Ji\y b^j'i b\ ^ 

. *^j>4 C^A» 1 

. oL^pLj ^jyu L* Ajj- 1 ^ ^u$3 ‘ (jin* 13* 

\AjjA\_j>j*\j-i i. ^5 Al* «. Cji-p\ b\*^3 b\£l\ A-ii. b\ \ii^i 3* 

a -\\ by-b i\A>: j».gV Ai^\^\ 0\i\^A,\ ^ 

* b\*^3 b\^\N j* «\fr ^ b\^*i\ 

* A • * 

(j t yf* ■ ^ L*li aj » ; ->i . ^»\ \ *Jiijjai\ <_^Liyi t*i* d)l . j**> 

flUi** L* J-Jail ai^J i ^JLiJ-1 jiUjl ^ f^y (Sy* b^ 4 

i_... ^ JM d)f j* t A^—Jl bJJj (j i «L^lj L* d)li Jl>- JT ^Jpj . bS/l 

l ^ # < 

j j jA^I i_ii w aJl jJJjj . I Juc |,^a b*^l l*i*j i OljbUl jj* lAsr iA< ^^>-1 

^;ll ^jylj (J^3* A-b ji ai^JiI olji»Ui!l t y* ^Jp- Ia>-!j dN <L^>Ui 

jj]ai ^lll CjLa—-^-1 i^j^fiy ^ AlP-; C—>- 

A^A-li Apj\A) 1 ^Urll 1^-5^ ^ J ia .*> ♦ blj Cj* Aipi 

' ^ t * P 

a*i*^ . i * L» ^pA t .»j t Eg x Eg AAjjij t ■*- >- l bl 



I * J • * 4 

Lf*y ol ^ v?—^ J-iAj c oLjsljJl ^ L^l>- 

^ jjii iijJ^JI ajjJslJI ij ljj»-l oVl LjJlI !jjk ^p^ . tljj-iJ! ^ Ijisr- L^l>- 

• t!/ 4 ^ (j - ^ ^ <^-U ^.LkJ-l O-»;-- ^j|j (j (Aaj . fr^j_ii( ^ lAj^ii 

\^\^ <. \yy»..-'> i. CA-1 p\j^\ jAftj-*^ ’Waft j)\w»A Ca^\ ’W.VaV' i)\^y& ^ 

^*1pa 'W^aj \^»iV>i-:..,i 

1 j■ ; tV d)l Jju ^sJl AijJaJl . (jOjJiJi (j^jljjj/il! Ijls- *^-W Ifil 4 

« * “ 
lN c ^ U l_P^j Kjl*& OLLw>- ^Jp r fr\^iJli oUjjo-Jt di* 

ia4» O j^y lij l^>Li ^-^jC frLj*l Ukjl^5f-| oLU*J-l ^4jj1 

O^arlp c l-X^- <JIp otftU ^1 4 N ywaJl ^ oliLw* 4 ^^ 

4 ^ Aj l£ t)l c£}-> fr/*A! ^ (A* ^P} - 4 ^ JJJ*^ {j* 

L^_-IJ ( v^>jC L*aJ1 IJL ^4 oULw* ^ <u L:J L*p ^ - ^ -.-j o|^ 41 -^ frgJwiil oliL^il e-L^i 

* 

$\jAZ-*m)1 i ^jA ^IJL/b^ . ^Ja*«* ^P d*>lp^-AI (_j 

.^1 

« # ^ “1 ✓ 

^±a!I JS"" <£ lN ^*l*_3"dJ l-l>" jP O *i iS^ 

olyl ( y^ r \j^y& f-*jt t 1 -jI A'* ^jOtj.^a^: IJjt V<U1I ij^JaiM 

cjj-» i^ja^H il)l U^sil l^j c jiJIJi l>yw? oLJjj i| .-.»)’> ( Jp i-iljrl/! iUj^/l cjLiiil 

< , 1 , < __ » » 

. ^tf ^ ^ \)S ^ Cj^ ^ ^ * V"^ 

_UOjyN ^ dJUb' __v'-^j' aU^I ut lui>/il 'j| ui y» ^bJ-iJl t^lyisjb/l Ji^ IjTj 

^t^jl «OjiaJlj l^I» ^^l.»i (1)1 ■ I j-LLP (^kiJLi I *fiA**0 

. ^i^syJt ij \^ u f‘‘ ^11 ot^Ldl 

| ^*»5 S } **y j 0\jJiii j>^a3 *^\^»\ ^ O^cft *i»Ay O^jJoU O'' <L>£l Oii 

. y-\ i W' (i oH\ ^1. <• ' ■_ .. "iw A iW\ ^ 

d)f lij Oli-u> AijieLii\ 4 j ji «_-£ li JL»-j Ij jJ utS^ ^ ^ A £ ^lp 

^liLdU U*Ia>-| ; jjo^iaj jju jLjLi IjjJ d)K^ iiiJ . jl<u1 S^Op jl£*^L! 

«-1 - .-.J S^tjiJt ^IjyVl dJL a u} . o^Lww>JL! j^iiL^" EgXEg _j SO{32) 

4IwJl ^Ijubll OLi l y4 (1)1 4P^wj I^STpl ^jwbj^iJI C 4j* (^jjl (jlSv^jJI ^Iwl ^JaILi 

j|^*J oli^Aill ■ * II*' L*li (1)1 ( Ijj»- S^ywy ' | ^P 447 I* OjIS' llj ( 4 pLp)|I 



J' J' t si_Lkj ^ t L»w>lj OSj . 4_iU>V) ^Iju) inyl ^ ^ -j tb)-i 

Jji>- 5-l£ li il)IS”" V^ S»U»-j <*i ij^laj jjj Jb» (l)tf . bjLi* (jjl^i» S^AJ lL>Jl£ 

JjU-I bll? (ju ^ jb£ t_i-S^ <-^*j ,j^ (ij i **j^/I Jl£*jJl iU>' j J~*j Ol ^jC iilac 
ijJaJl t .u>-j 4_i jf t .u>.j j£bo jo*£ U bllc LT b, b! JJ-I 

• 'f-* ( j ' ^ ; > 

^ s^iL* ,_[*" ^J' JV^ - ' !j* £V' ^u<aJ jlljb J^-Ui tji .. ^n 

£— J' |^* VI ■ »r*^' ii»-_yf jjV' <_U t ^>■1 ‘(►r' <^' • 

VjV^' M ■ W '*V V'* jk" 'J“^' i/“J 1 lM* lM V* ^J' 

li^p<» . jIajI »j^s- ^ bjLipl (j^-S L* j'-lif »a>-\j J JV^~' ,j^ L^V' 
. i-uJI iLii olijkJ JjU-| j* b»- jJLSLtT bJLJLc j* ij»iy> ^ 

j £ + 

. jL>i_Jlj f.lilj AJil y oLIp (_£y <jl jy^ - LjAA jLiJi Sr\jyJi!)\ j jj 

4 * X 0 _ 

ijl yj 3JL>-1^ 3 J5 li oLl* oNt>- y)J\ aJua^~ j 1^1 ^iJU jS' Lj ^S*" d-L* £-1^ -Li> 
^ ^sll c-i^lsdli . oNU-l a-LA |%^^- ^J1 pUj-iJl Oy[y 

. <j)j]ai\ tlll C-Nl>- L* yS ^ijl t 3.1^-ijJl SiUJLS ^ <Jl>- 

oNU-l l-l>- ->AP Jp ^4> . jJUJt ti W>*J jJ-b 

j iJjbj . A-^rnJl 1)1 UJp tJl) ^ 4jjJfl‘.ll 4-jU-it 4^jLlll 4jj^Ja]l 

4jJi^\ d jja'.ll ^P j_^*^ 1 ^ ^Jl*-pNl y 

aJUAjiJl ((i xjl 1~ 4 *^jJ5z! 1 li^U- i^lJLLc ol ^_*ij Lcj «lajLaJI 

frbjbJl ^jb (jjb (^jjt j' V J^' 'J) ■ ^)s" <^J' V'-J L ' 

• J» 4 *~i>^*J' 

0\ y>\ ^ *JU}\ ^ *i-b«P «.(^ 

. iW ftjbc- ci-p Vi\ *i\ o\ 5 ^\ii\ j» Lj ei^\ 

. iJj-lj 4^b<l *j_JaJ ob *i)j^° i bJ C..U )f i oL^aJ' «'b i^l . (j-^ - 

AjV*J' £j-*^ t 3)J I,rl" 6 JlA . L^iS^ V* ol jjiJLlJI ^jA )1^ 

oL*3j (j •^'■i oL-^- tV' (JV^i ‘ 5-Ajlji* W 4 

Cj* (3^' V «■ ; « * - V “VtV' ^>J' ■ ij^* dr 4 Oi*)j*^' OUjJ|j jl^ll jLab^M 

jl^» 1 ^. 1 *.l) T ' 4^ 0 Ul L* J^-AJ jij Li>- jf'Aj l ^J_i» C—>^i 1 VI • bi-li 



Li>- 4_-»lA“' 4 ,J* i—->lA-l i-l Jli*j (31 J&Ju \f 4 (1)U;J 

* € .t 

£^>- Ljajl <A^ij ^A jJo *^M 4*i (^JLit O^f ^ja a> 

« ^ , < ** 

4-j-^l—0^>»J 4>-ll^ . 4jjJjll ijjJstJU 4-Jl^-l 4»_....r?W l3 4 4-^ 

f. *. * * t 

il^L^iilil d)l d)l Lw.U Cj^JJ <3^ UjJ*iP • 4w^ (3 ^-O-»- ^ '' Ifl■ - ^ ft-b-O^- 

t t *■ 

. * 11< _LlP 4 ^ a l 0> A^.-flJ t ' -1^.11 ^ 44^3 ) 4«"U*I 4 -^a-n^JI fl j-fc ^iM 

JkjJLP >_— ■ < xi LCj . ij^JaJl Jjl>- (_j^ (j)J 4^ 4 4j>jiaJI «^NlA-l ^Ay\ ( _ji-i OH <-^Xr^ 1 -UaxJl 

. i^UM <_j)L«»iii ^ ^$iaj If" tLj-ill £jLj*j J~ll LLU- 

i\*Ji\ i>\ j^j\a 4 A*j^i\ iWi\ o\'i 0\ijia^N i^ t l»ry_ 

^ j 3^A aiy:y t^j»\* 

jl*jl 4*j)l Jjf-^jN ij^j^Jl ObjiiJl <1)1 j-*^l {j* (—A*jil (j[ 

d)l^*jJ! ^ JmJl i^Ju J^v»iil oli ijja^ii 4*.,./aSl ^ UI . Jj* ^1 • *r^ >p 

<3 l)^* * Cj* A-U-I-» (J^*^ 1<-Up ^jUJI ol^«jil j« > . jAi jl (_*^ 

tU<a* 4jjJjJl *-^ j^J • 4ja£j lA**) oUjJI} 

^je- (J*^ ^ 4 (Jy*-iJI N frlu»* dJJi ol ■ J>j A5 Jf ^ v* * ^ * 

jU .la» (^_J . UjIjuI ^JIP 4-^ Ait^ ^ ij«j)! jl jUjI 5^i>P (J jJaaJ 

0 - 4 * * 

d^Jt%P' ^ ^1**^ i^ ^Ijy ^ jjJ’l oli I^jS' (_A«U»i J^Nt VJ1 «0> 

JJ d)Nl ^ji>- li^ ^»y» l Uji jj *Ujji/l iUNl jl a^Voil iUNl 4<J L r -.. r .-'j . il*jl 

cH 1 cjr~ tlia£-| UJ->j «0> (_^j 4 ob^iaJI t jP ^Lj-U-I 

. jUN! jp-0 JjJL^ ^JIP i^i 

\jjk ^Jl^o ^\jxM\ (^\^ \^.. a > ^ *flrr\\\ V^NOp^ iWl\ 

S. 

(JljjU 4 Ulj— ^a L^LA-J Jil (OjjUa UU Ul ^ ' *^** 

■ J 1 *^- (3^^' *i*3^ tiAiJ ^ \^yr 4 U i3 4 '<^>« rw ol Jjil . 1^15^ iij^jA 

frLit*5l ti-L5U ^ L-J,ij l4[J>- J-UjV 4 4jtj -l>^ 41*,J 4 ii^i jl ^UjI iiU)l ^ 

■ ■sUJi/l ^ LJl^ V (jop ^4 ^JJI 4 Ji t^ J Ji^S/1 stringy ^Juldl 

—eU > '4U>^\ iWi\ <J>\iti\ *-A^ ^^aii O:\p- ^\jk o'i\ 

'l v\-flii\ 



jap r ui LoU JJi y\ J$i\ m 4 t ijiLal<yt }yrj 0} 

iiy\£- ^Jp ( J^* - ; ' 1O^t Ai A i.>ll 1 ^jP lLjAJ-I . iljyb/l ^ j* 'i/ 

»Xia y i_jly»l iJL*p j5Li {£^ <_^jj i_irLdl Ol£-*jJl y*A (*-f* 

. J ^iP^l 

^.\jl)s* VUoi *-*—i\* ^ y*Wi\ ^ oVa ^ , ^ ls * a ^ 

6 0 t 0 * 

A>%^>m^^\ 4 ^m\*J)1\ AjkyyflJl ^ d> l)I ZjpfiS 4lJL>J- 4 lilyl 

j-Lj 5j^ oJ j JL>- a^Jj \_*JLju . (3 -^ji^ lijkj . L^LiLT- 1 • 2j^Ja:ll 

L*^J <ujl t+ 4 -Aj 01 Aju Ja—^Ayl ; .,aj ^jSO i (Ajf «AjLu* ^AJI (j 

A-S"!^ (Jj<*Hi 4 SAjAjM 4ju*dJI 0j^—«• L* OMI j*JpW ^ijl £^»w» . LJLS»- 

i # . / j j , , 

j^P 4ajlAjt ^ ^ * ^aLa^II OIT . I— ^3*■ 1 *'-^* 0^^**a 

j*Jpl V *Jl—> 0-LU* ( SAiiil oLA’L^JL) ^j»~»1,1 *V[ aU„..^ jAA V jl ( ( j£jf 

. U> 0^1 

■L ■* 4&\i&\ io^\ JA Li^Ai (jijA 0\ . iO^aAl ~*A&S |^\ tfi\ 
cJ^ot^S ^ OiittA <. >—'■■»!> ■ tVf'i 

H iiia 4 ^ ^'u* ■ oV^ c-Ay o\Ai^ C*^H X> ) ^W^r x 

* * X ^ 0 * 
jl JLitf’lj . t\*yj)\\ ^3 OWl* aI^OjaII 4-i^Jajl ^iJJlj l)^>J l)I . 'S' L* 

* . # 

^y>y*aZt-. lAj- Ai.sta* CjIfr^J ^ OL Jj^Jl JAjJI 

^ ^<J!) ^ tAjl* »«" 4 *^ djL^LAil 

. j£*\ |< 4 a:.» Ljl ^ 0J-i*l'^j t oU_^JI 

oLj^iJl < Jp A^iiu ijjJaJI j»-^i ij ONl (jS»- ijuiil iijjJaJl 0[ ( J s ii jJ-i <,*•!* Aii 
■OajJ—I »A> J^jl »0^ • 

VfiS' oL~-J-l 0[. JJLJlI »a* jJp Jli» Lf»yu ^1 oL~~4-l iJL~«i . I 

^ oVl Iapj . Iaa ^ aJL^II ajCAp oLwji-l jr i (3 i*^Aju* 

*■* «*J La jP dA> (Jj^ ^-Lil ^ 1 >■■ J l 0! lA ■ «.Ip Juj^ i^jylu 

^ ljj>- \jjL~p ij *LjIj Lf aI^ Oj ^ AJtjjjj j a\^ 19 10 (J^Laj Iapj , 

. jci-U ’^rijAa iyjjua 01 j JjiJU . ^.LJI IJ> 

jjAju li Oj t <Lx^ii iLCAP iA' LJj>- y *^LjO L^jyu oL«—— jM ol 


\rr 



OL t y l-i» . Lfii fC J-iil! (_^ ypli i!)j^j ol UU-j 4 Oj_j)l 

Ai-^aJl jlic»| ^ OlSoT AiywaJI y Ntj L* 4 ( J^JI *_iJ-L> yidtj 4 Uj_Ua» O U j.-A l 

• Ajyjl! iijiaJJ aJU-I 

< * f f ^ # 

i^iaiH j*^ii l)I ( jj a^- ajL»NI ^jja:—i M Lf IJjt ii>^ (_£y-i Ait^.1 Lja/I ilL» 

a^Iaj . A^Joll #-X» ^ < w a ^ ''^3* a.a « S ^ 

f jlyill AjlL Ijlf- j.l.i-1 i^Jl^i . g.l.lys Lyi* (fj£ l)I y* jij IA Jj Vj 4 UU)! <>..-’J' 

aJLIjj ^ |Ua 1I 11» jjl JLil . AjLiJ ajLIj Oj£Jl Jl^ (_£y-l aJL~* liLkj 

^ 0 M 

aJjAj La AAyJy . liil |JL>- ij^S' A^t A^J^JI ^IjJjiiJ jKj 4 |*Ji*JI A*)1j aA Aljiw Cjlf 
y Jju! Lfcljj IU 4 * ^ u_»Aj i!)t UaJ UU- 4 ^£11 jylaj jj Aijjjjt 
A^iaJI ^ Jju ^Li |1 UI* JjU*A jNi y>- jj| Ujjj . iljSll y>- aLUjaI-aI <^JJi 4_^yis!l 

• ajL>-^ U IjLi 

jtjix Aj^JiJI £-l£ ^ 01 4_Jy aIJjM JljUi (jA»^“' yb^ 

^yjl 11» Ol ASjU yj . «tfl y>- UUA ^i)l cLiNl y aa l~J jl ^Jn' — 1 U 

tj'lf ^}| AlLjUil (J j^AJ 4 0^ 1^1 l Cj\jJiiA\ y Uli 

y Jj Nj . y»- ^--4»! -U jl Lil 4/*^ ^ lir 4 

. \_*li A^.».>U ^y* 3-UA^- ^\jj\ J \y*A>- 

liAVa 0\ J>ie»6 

JT Jp ^ jj- . ONl ^ liJJi OipiN -AsTislL 

a-LU 4 i-s>- y Li»- aaIJl»- l/l y i V ^Jl 4 jl^iS/1 y»j LjJ j^ 3 i Aj^iaJl 

1UI jl> SdyJl tllL" tAt* !»• . a1»Jl» a»Jo y 4 SjjJaU 4 Li 

1 # I t s * 

i^L. _shadow matter aJ^H i^U.1 aIp jil»' ^i* . SjH y IJjJjt L-^y ti* - 

4jL--or jl fi-f. 4 Ui iJUlSl Ujtflu y^-^j ‘ «flb 4 Vd) ^ u^Lr^' 4 Y 

. iJuJj^ ijy UI <1' i3&\ 

* ^4\ 4^Ur 5 y U lij. Uii\ ftaMN cj« Vs^ 

. JLS^UL» a:C«.U iljlnyll y Lj-^1 4 1*? Ui 0l> -LLpI Jyl N lilj . l£j 

\4-~i ^ <■ ^ 'Aft y IjwAwU ijsr j ON 1^6 \f 4 Ajj» ^ 

y _\fi> _'i\ ^ ^ ^ 



0 0 

Ajlil lili; Oj£" tSy* i <_A iyi li> j' J J*' l/** 

JT Jp AjL-»- l-lj>- I.. K.,dll ^ ^ IJl*j c<11*31 £>* <> <^.)' 

■ (Jk*- 

. *» j-i- j\ ii.*^ Vr.tjVi-.» ^ ^rf jr* 1 ' a \ 


. ^ ?^\2&\ \*^\ j» *tja i ^-jsrN J j* i <■ ±*ry. 

* * 

l-Lsf -" <y SyJ Jp jJJi { _f^* ‘ 4.ij»-_)* 5-illl jjij OJK ”. £j>«0 

.UjL^I 

\*>V**\ Jfcs ^ii\ *^\ o\iyi ^ ^ y J^\ feA ^a a\ ^a > 

^ 

£»I}J aL*> oli ityj iJU* ) ^S . jLiJI IJl> J l^iyu *Jl5j> i<y-i jJr\J~\ cJ^I j -Ijt-jj'}/ 
ijiLj»! j*J • 4-rfjP oli AjiLj»] ilujl AjlSjj Jp ^jU:T Aj^-.U j| 

j j^ <£/>" J^jJ' <^i |».- > *D ^ -iJ-UP . 5,jjJkl a£*^JK” i U.^U J i>»a oli 

^ « * " * * 

lf“l lp* . i-^jP L y*JU^>- Oli S^lil jllji/l «JL* Jiy . Jjp- iJljji aS^p- 

J-*-^ Olj I j*- <l-i k jl <—-£ a-^- 1 *- J-Ijjf J^O »\y jt . L<?... ♦ u jJy jl 

J^l . jj^^lNl a.hJ > tl^>“l c aj— i^JL. jjp oLO 

jlT L* jp <*Jap'i/l jUiAj'b/l 4 UI J OJJy .Ai j^j LCj t ji^l (J l 4 J!-ls»l jl 

. <|^>wmJI 1> j 1 a ^iUjl 

^ ij^ i/** c^jmA\ ^iyl t( ^sji .jjus ji jf ^1 ji Si *y 

Jpj . OL-JI tijj j WLiJl O^aJI Lt*- iiLat Lf i^JjJI AiJaJI J 

‘ jr* - L ^' j^' j' s-^ jr* '-1* j' ‘ 'j* 1 

Jly U 4jp Ul/li . ^lidl olijkJI ^jP Ai^ll AjjJaJl 1^» cjJLst j^.1 Jp Jo^*J 

• Lj»j' l^r jlii <^>>-l 0*5 /j«a4 Jp j^Lnil j JaU Jly Ly *^>~y 

JpyS yV ^ Jj& . cAtJoAN jPy^-.N j»: N^aitpcp \-Ccu\ Oyil£i 

j» \^i\ oV ^Vi\ j» siii'ij Vyjt o^\i- jyri ^A\ii\ 

% V*i . ^yPj^N 



M * .t t 

j-~Ju 0^ (3 dJ-A» 0^ iSji {j* /*•* (J-djl 'J?*'*- 

M ^ • t f m 

i ^jA L^jtw» l* (jf' ^)*^“ *waI^ \ * oU^mAI f\£- L_^L* 

I * * * 

^LljLoU . La^ ^i>- jSvaJ ^1 j*> l^iaJl L*lc -b-L>- ^j-j LuJ iji I^Jlp 

<—i^Pj ^^»1' clJJLj jl JUi 1^3 <*UJ1 Jl jLl>-l 

^1 »|wjb ^S i ^jA \-ijjA** i)UaP vi^ 

ji 4^-j <1j L.LaJI jJ 3^-LiJi lJu& jl (Jj^J ij<l)t -Xjl> Vj ^j.,<?-4 

(^i C J^O^P ^j^ll ^jjI j4j L* <4sIaM 4j jy >I Aj^ ^3j Ajf-L^; 

t t < . * # 

( J> U cN 4 ^*La <5^1^ Lf- J^-l t)l Oj^ t l aLv AJj^^4 Aj>w>3 ±~jjf- 

. a.»»*L*« t Aj j&u ^3 4-^1 V^-l -lijJu -L>-l 

^ *ie>\>- ii^. «.VptiW oij*^ di^*^ o\ ^ c'^^\ ^ <. y^Kt V i>\ 

j* O^fl^ft ' .A H 6^C>\ii\ wA\ ^ Vii^e ^Ai \-Aj-\ iJ>j|u\a dy^a i^\ i. (J aVj*i\ 

^\j»cu*\ jtf. \^a f *a\p li>V r p 

\£^3 t. K ^ bs- ijai V^NyuN ^ |> ^«» iujjaviN vNjjjiN oNiyry ja 0\ 

Wfc ^ ii\ Jiai^ .*~»ji- t\jji j> \Ji'^iaj\ j^i VaVp \tJoi t\£\j' ^am 

^jJu \aA>-\j ii\ 1 ^-_ 

Li$o ij l) 1 j^jUI L^JU^ . d)l -) A T pl ( l ^»«j- 

aaaIjiJI a^a 31 d)l (3^V* 1 1 —aa 1 a ^ Ip 4m^1j jla|^a *x^ d)l iil&£j i 

( J>- (J^lj liji^fl <iJcl2i\ A-iJI (Jljjl^j CJlS^ iAJLill ^i/pl ^Jjiiill ij ,jA Ia ^Ijj 

(j\j L y»;UJl ^ 6 ^ji ^»- * a 11 d)yAil ^ AmaLaVI L > : 1 1 AA^Liil <il (_fy! Ia 

>4 ^j^>- 1 ^Ijl ^*l^-*j (^**b^ (illj . aaUII 4 J: .~:11^ n^ll (iJLjl^-A 

d)l l j^j?_) . Sjj-iil (jl SJU-lill ^ja d) j i.> «j t/ljl 1—A^l j^frlkl ^jA (1)1 JjLaI 

. lijUi (1)1 ,_/»jyiit {j*} i LioUli 

i. jtMb jA Mfc ^ ^ | \a Jcfr c iajl^ VjaA\ ’^NS j> ^ Ji\ ^\li\ ^Vijej Vi\ 

\ijk (\,\ vi)i\ r flj\ s_— -j. U)»- (j*.r^ o* ^y. 4 ^ 

^VajJ&N ^jA (^.ViN 

(wf- H ( _/ aA y t £««}} (jlUi UIa^p Ljl JLipt . ^jl^.iA L£~ L)1 ( jli>\ V t 

J^lyl t (^^»Jl ^oLaVIj 4 / . 5~l l (!.. ■> - ^ja ( IJbr 4-ilui- 4j^Jl 4j^]aJl d)t (_^j (iili 


\ r i 



t oLiljll ^ c c-iki ^ W ^ -W' o'! ■ ‘ W * 1 W ° ;W' 

IjyyL l/> VW 'W* </” W' W 5 ' <j 'W ^ W- l W 1 W' 4>* W W 

W jt tf ^ iii^i v u W r* ^ • V «W* W 'W W 

^yj>y» Ol^f-J -1 frljj <& c W' £V» Oi i ^ 1 * f^' W <J fnW • 'W 

j' jja Jby W v w w 4 W W <W & W cW' v ^W- 

. Jb-1 JaWJ=4 j*-*^ 

oUu' w' jw ‘ jsy j W' w ‘ u W * w w 0 & 
i_W' w m 3 ^ l/ W-i" w W W W b ‘ °W~ J ' W' V 

JA W 4 Jp -U> SJL»JlI oU^J' Jp UUii' W (W' 'j> Wl 

j£^ _W' W “W' W' «-W 1 W — OU W-' tkjj ij - b ' LJ ' # ^' °' W' 

itJaA, Jiiii jlf lil W j^. jU>' <> W' ^ L? v-W' «j'G ‘ W 

iju j j^u T ^ dUiT i^U' >. jp W W j' W • W'- 

** j^V* ^ on>x» <jd$ 

Li yij\ j^*- ' ^ V ^ Ljv» Jai ( J^jj / 1**^ 4 (Ji^V kiJJi ^>-Vl <—*/>i '■** bf Li'S"" 

USj 4 jl^>* 2 /' (JiLy t Lili £j\j jl^> Op~» jj . Jk>lj O-y (^3 CERN j^< jjy j' L~i^" 
^ Ua">lp dy_jJ<o 4 L*^ Li^T” LS~ jli-ji 4 jly^ y 1 ^' ^p 

. jyUj 

j^\^\ 'ju^oi oV j*j W — ^ ^lioj V*\ 

ju-iS (i v K>- t\>^\ ^ ■ ■ »-. .* \^\ yk^ t Lijil' 1 ^ iiiL-plV oir^'j 

Nj* ^ jjafl ^ ,'4u»i\ji\ jwki-V 
» < 

tLjjill jJ Aj^jIjJI yl>«J' SJjJLil' jly>' ijjiaj AjtUail' oJjjlaJ' j^ j\i ^Jp 

. <. Sj 3 ^\ villi j^p jh*il' giyi 4^ -*b^° ijjJiJI 

4^ (J*^' -li OiS^ j! Jjy iijJaJ' 4^ (J^^i il)l—Jj i_a^* j>^' L)' ^la~.-' V 

^ * k * 

L jW loUJi 4«.^;)1 ^ $yo l )1 i 4 oln.il O-^JI 

\ ^ *ii\ii\ ^a^iS ^u. as .* 


' rv 



4 « 4 

... j l aJJ* Jp dJ> Lj < 3 LpI ^ 4 ^i» U <U jj Jaii JJI 

^ C 4j^J fitJi 4f Ls> l*P jVl ^I>* LL*^* (fJL« V «* . Jf^ lf-lj (JjaM 4 iiuLiJl 

* 4 4 < 

jj«y>« 'Jbf iij^Li i^JaJI j*^> j b ^Jl Aii^/I Jjy ^Jbu V 

JS" *^iai l^Lj Jy*Jt (Jl iS )' '-A* (Jpj l \jj* (-.. ;^ (Jl ^jJiJI (Jl£»b (Jj^j ^ aLl«i1j 

, — 4 j 

tbjj» f* Ifil (J^/l -t<T»i ^sil aJLl»'}/! l jf- Ajlaj-'j/l jjp Sjjli jwLJ l^b <J^iil (^j e . ( 


0\» n i. W \ ^ jyj 0*^<ji\ *iV-V ^ i\£\» \^V ^ ^6>Ji V^\ 

1 ^v?»«P 'j* <■ kSjii' 

jLi ^ 4« fr l l £^il £jA 1 . Jiw; ^Uiu 1$ £*°b) i *-**: i5*~ V"1 - (*-** 

. v!*4-i 


\ijk '0\ . y\jj£ jiOiiN j J ^\#i' N^> £-0 ^ <S^ ^ ^*\V. 

U(^» S ^ 

iZ~>\z OLmhV £4 jl^AjJl -X>-y L$l*f iij^k_jLjS"" jVt <—N lu^i 

JlJl ^JLL ( ^ 1 j*^j JL* jlaj L-j ■ 1 ^«ajp L* |Jlaj • ^yj 

s.* * * 

f . LilJl Ljji^jl \ !j_j^ ^ J51 

^ kJlL jA (^p\ 0^\ 

1 * ^ M 4 4, 

. Jp Aj^JaJj ^JaiaaJN aJLl>*I c L%**4 jI Jj 

l y*i . * * j£\ AAjJaj AjjJaJl ji i (Jl * iljLxNl (_iyu Lil dilP-lN ^Jl 

. IJbr l^i< - kiAJi (Jl . (JnJI (i4i^* ^ Lyl^il cj Ljj-U- I fJC (iAJJ;w-U»i! (J' !Ai* 

^ ^L-. > J& c^H\ ^^*A\ cy>i\ «\^i\ 4 jfe-iN oWVi\> 

Ajk i.t ^t> Jp^ju Cj\ jaJufr Vja^ ^ <X.j»iA\ 0\>j^eU4 ^\>\ «.^N ^J^st vL»^ 

j~fli»'i •& Vf'i 

^ || a ’ ^1 ■ /all ^ ^ • /» (J^^J (Jl A^LaaII Ijl.jflflll ^lyl . ^^m—,0 IAa 

*toi (.\v-\f ^ ^ <■ ^ ^ ^V ^ N ^ ^ N Jr* y 

t^\ c *ii^-\ «\a ou» jt* 'i~»«4\ ^ *i*—^ j 





N N lili. t c-^j oUJ i i£\ jL^l d-»») 41 ; .,^i>w 4 

J^iaj L*} b*- -IaipI ^ij ^ 4jjiiLli 4 jL*^n ^ ^lp <£jUU A*j 4 jl 

0 * 

i-b«JI IJLf. 4 I 0 oli OljjJajJI ^)! LCj . ol^—- aJLp ^Jcu.» l^ly j^o Li-I y /^-11 aA_>- 

. 4 A. , o f' ^5Li>- V"^ tj*^ 1 * —* 4 l/ 4 

^ ^ji-4 •—*J»r j ^3t. Cii\ 

. iij^i? a-U 


m 




5 


W 


O U—4-1 J iiUJl uiijJiJl ^ <<1 . Oy~jj> S*»U- ib_*l D.Gros* -1-4 1 * 

(•—l' Cj* ±>-\£ t y»j . <i ■•'•+' «S^Ul^—j *}) S* jjctii I 

->Uil jriy?U lT*— J ! l> ^ •jj—'jt 


*>} j» ^\ ^ '^ej j\ ^ Uu\ji\ iaji^V Vi^iiiV oW»\\ l£>^\ b\ 

\ ia ^ \_i«ii i^yS j\ si^ ^ . \j» >,. r ..\ \*\y v i i\*A iyr^ ^»u \£ i iW 


Ol^ 1 Jp \ } U* SJUi jU i^‘ jtfl ^ Sjl£,l j^Lll jj 

aul ^ i^i ^ ui^^p ^ S^I oyyi jf ^ _S^I 

lJl^J jt U*. ji US>I uii jVl UI t u*. L^ t _UI ^ bJJj jtT . SJUi 
b^> yV (> vUVi jUVl cUtr UU . fc^li sjLiiil aUVl 

Cj* 1^" y ol (<s <t* ; i»JI J* d£i l 4->tr jOii CjtS^ t ( Ju&\ JC».. jl ^ 

• V>J* 'S'L.lj 3 J*^ 


Vji^ ii\p A^aiU j\i i^yfi ^ . \—»\i vliV} C. *^ ^i\ j* 

* iW jA &jA-P (. fcAJb" ^ (. yk Jyf}i&\ ^\j^i\ i£& y£i\ji\ V Uv, 

Ob*P' li-UP jlSj l^iS* ly* C-j_yil li| lLI’.^J i Ja>- -L<y ^ ^y jj , 

( J^J JJy^ i-i* bJLs»J Ijju li c)I i Sj^^» ot-Wj -L-jp ji t>b-b 

4 £-« S^jJjJI SjjjiJI . laLi^ jl ^..-2 ji obkt^l ^ SULj>| uU t±JUbf jl SU i: 

iiiU IfiV Vj (iUi Li JUj ji bl ^ jl AjjiaJI jJp jlS^ < l^L< 






t.^ *&**» lf '£ <b^-*i **9*^"|} . 1-^- 

11* ^ iyjii tj i-»L/*}fi ^IjuS/I il)i Li»- Jji*il L y*j . ( jT « j*m < 33" 10) Ijjb*» t j^a^» 

. LJ ^UjVj bJI 

jik \Jor »1* ^ ^V^-S vi)l£ \ii\ J^ki 

,'4U>^\ iWi\ sl^3 

»1>j t ^ oipp< Ol ba>»i OJ ? L1 »p- 1| ., n» i 4 i 4 

* 

. 1-bf i^vi» olib*. js**-' olppH 


f.Ci, JpN^iN Mfc 

I J i i 

4 £jjl a£1c £J^A jJil JA UjlJ? 1610 <JUs> ^*iaP ^ 4 £y~* ‘ (t-*j 

^jJ 4 ,>LaN 1 d-i-A jy-J L* ^A ^iJlJi . Ai*>U Ic \ a m.- j ? 2010 

b! J^a; UUi-l jij . J^r\ ^J- i *>b 4 1T ^rd) (jk ‘ ^k) ‘ '-^ i>j£i 

iSj>-\ oUl^l 4^> tj L ijij 1;L-jj bj: —U^j^L-y b^ U O-b t±Hl J*b 

Ajyb iiaijl ^ 4 <jy^l cilij 4 *j*g Jj^j ff^U jl pbil^L <t Jai* 

„ oIaU^VI jjlb ^ iy®di^ 


*». at -W iWi\ «\^\ \lfc ^ u4 b>\A—P\ j* ^=-4 cA ^ 

^ ^ * 

. ^L^-aII ^ 4^^j b J L^ I -Xi> bl^->«-?*^ ^.\ «4 a) 1 4->Aia a]La<-* oj 

Sjc Aj^)aill a_ 4JLdJ (^Ail c^"b * 

. (jl^li 4_*^-XlA 4 


a^k.^. U J^U-I i£j£ y* t d^Udl jl^l i) 4 £jJl ^>- <Sj*r^ 

4U Uy ^^JLj ( AjjJaJi S>-yj> . ^ JL^a>l ^ 4 j*l1 a »)1 

JjU-I ^JA ^IT LAL>9 4 Sj^lilll Aj^JalJJ 4 «Jij . AJjJaJl C-N^IaI 41^^11 

4-^-JbA ^ 4-JLj Ullp *.^J» 4 J (_J^JLi-l !jA 4 4-^-*^ 

J^JLj 4-^s>1 y> »jJl^ ^IajI 4I-^j “^"bj 4 -j ^^ 1 ^IajI ^ILaJI iJlA . Lilp 

1^: ^JU^*u ^yajt_va>- ob 4_iyb jsP 4 ^j-Ja-> jl 4 t ifolds d^JL-Ai* CjI .U 

cIj b S^Ucll 4 j 4j y J a . l l l )1 LJp 4l>-jil d-L a Jlip^ . Ia^p^i**»^ ol y)l 

4j^b ub Ullp 4-^t. ^ y >* * J^L>- 1 «ia j 1 lAj . ly^-j-L-A ^ bLlp 4 ma»j 4^aJai4 J^JL>- 



ill; ^ 4*^1 jU&l Oli S^ill U jUI oSlI ^ (->> V, i ijjJLu dU|f 

. iJb: jt az~* jt jIajI IA ^dl 

^ Vj\£* i\ju\ * 3 Si o\'i a.X£. 


(J^LA-1 a j_*j * 4 j . % La.' i 1 ^IjIp S^I^p o^S* l^*-* 4 f** 

. |V^Jl OjLjl^-* ■ Lj w> jJp I—Jajl SjjJi» jJLJ c i>_ .-><j (^-Ulilll J-iwaJl jjp iJjJL» il.J 
(J,J iOol» lc_) t jv^Jl OL>l$w* LpP.i'.-j L*-Upj 

a:ll d)l { y 9 _f^ u . '—■;'*•) >—i_J; 4^ <—’-l^s IJL* 01 t ipjPj> jl 

. ( 4a.ak oL>b9x^J jJUj V wJjiJall 

^^Jl AjjJiJl jl ^p (JJb l^“ j I J*->- 5jL» *jJI ^ d-i-A jl 

AJOjI 4^0 jlfK-«j ^P lfj[jS>-t ^1 iiLjp^/L 4 J^JJj dJ_^> . Lllp 4 ..-7 jl 

. «f • 

O^tS^lj —4 4««*ljJ c«>I ^*«^ 'I ^l^il __LJ»Lp - j >~I ^Jp 4 ^«’ t ^IajI 

^p ( jl ( J^Oj 4j^]aJl ^y> . 4-*_»Lil {£jJi Jl t 

. CjAA* -U/> J$> Ji£ c /'b' J-Ui <1)IS3 . J^~! W c)l 4 


5j^- *!?**) (jiU N d)lj JyLJ-l (j** ijj«Jl IJuk oiU u! Si* dij^ll ^ 01 -La 

L yaJlsfl>- ^ 4j^ L* (j) iiLoVL (JyLJ -1 oiA ot JAj^II !j*j . 1^4* *bl-! (_jl>»ij'y 

jilp (J j^JaJ N Ol^klO ^C- S^JaJI *ly>-l Iji» i b->-j (»_jl^<y j-b ^.la; ( 

^aLJU ^1 <cjlp oL*m^ Jc>-^j Jj-Llp . L. j—£ii 01 1^1^' Lf ( 

(Jj^^l Jj^"l J-iJ-l t-i* l-i* ^ijjll AjA'j \jf ( Ja> 

jl ^ji i^»LjjJi oV^*jiii ^ «jla oi ^ b> ■ oVi ^9- ipip 

Ojli ( <Jji>- {j* •^"JJ 0»-l) i—Ojj ( (^l^j*0»ill JjbiSI 1 JlA ^^laj 

• ^ CjNl ) y>- jAJ (JjU-l 


^\ £jA£. tjJeA\ ^ ^A\i<i\ 0\ . \jiAf \ C.^^> ik 0\ 

«jj» ^ tO jjufi 0\»y9v^3 kLAyt \^\ ^st>\ ^ioia4- 

^ (V^Ji \J^r ^AC- iyj'j »_...»!. ^0X* j-4 .\* ^>m 4.'S-jgj» Jft 

jsjJJ b\ ia\j . b>\C ^ulPj* OUmI \^> j o'i 

^yjiS N JA ^flfu (L>4-. 0\^\i)\ 


^Jl ( Si* t (iJL»Lii^*j^JI 4 Lfi^j <j: J >-1 ola^jaa 5JLP Jl>- liiiy . ^>w> 


^rr 



oL»_-or ) oLjjjU^Sl V4j SyyJI iy&\ Jl4j oliyJpj oKjIjS" *ijli> ^A 

*ij JaJI «-La JjU . IjJr- S-lio jjp iJb'Vj Lfjlp J_y*aX-l ( i^jy 

. ijyi»* jjP £jU cii ‘ iijWl (J J**' If” t <Ujj}aU>Vl iijiaJL 

^ii ^ y£j . < t >\Ja~£J\ *JoJob\j jNl ~<ij>y>\ iijJaJI ^ 1 > -» « '; ..>I t ^*~£'V UJ 
. X->\j^a^oi\ ji- JJL-il iX-L> li Ulli 'V UI y>- jl t L—»U* L«^» Jjy 

( ' W= " . j 0 0 , 

. LiK^ oljJ«U»Vl Oj^> (jl { ipyi* (_yL»*Vj ; I.L>- JIiu^-JlI ^x] 

Ujljia.jJVl IsUa^I <!$V i-iS” (j}^> <j1 ^* t b«Av^ iijJiJl lUK" lij t *V)i 

t iyjJl oJL* 

_ * •* * * 
UU-*Ui^y^xJI?" t Lpip (jj-nlja* yt- oLjJii fl-lP ijjJiJl (jl LJLj 

. L^Ia>“! y 'V k_-»\jJav»Vl (jl 

OJ^-j bli . j^JLJJ ii»l> lI--j| y (^1 4 g-Ua^j Ol3 jvP <j^ iaJ LiJlj 

f 4 »> 

£■ <j fr^i jr . .ayL* -L»-^ <7^ . 4 -Ip (_jyu jl ^ja~..7 ^ UiiU ijjiaJJ “Va- 
Ali jl-Lill l* —OLIjlfl.J»' 41.-L* ^JklX-w-J jl <jjJaJl oJUfc Ji* l.A>- J,«.:.~U 

C—jIj O^So L*-Li> L* ^>1 ^ o! SjIp c^jli ? <-* ^-^5 0\ dJu^jC 

iijJaJl ^ JS” 0 } . tyyJJ UJLl ^U* jj *~0 Li* Jj»-j>*V c «y-UJ jl ^jla:..7 

. v—: iv j,!» 

“ * * •* <* 

Lpip oli c t\jyJ&\ Lyl j-Lj ^_y!l 1 -La ^ tjlj <jl UJLl j-ii li| t Uul^ 

- 0 * 1 A 

. oUt aJI—» L»——Nj i tiiyA-W ^ a««xU»i ^U-* JaL<cJ jl 

.jfrUJtf- 

( jijaj k l ^J.- l lj t illiill S^LU Jy»- ipUJl oLjJaJI ^4« . aJUaVI ^lUJI iiU» 4—jai ly| 

ii^Ja -L>^y *V) L 4-»UaJI (3 j_/aII ^Jp >_..,i-»'.j ^\^Wl oV . Lili* J IJlA^ . \ » ^ * ( _^J 4>Uall 
jJUi ^ i iill» Sli^JI ‘ Jl^JL lijyi* iJUiJl SjIp Jjjjj . iiLULL , 31^11 yl—Jl ^/LiJ 
y l* *ij£ i^jjt jl-Lill t ‘-i/u t c L* <• 'J 4>lWl) lijji* iiUllli . yAsJ^jl y 

. 4 JU 9 iiliff 4-^ii |jLlLi . jLWl jjp Ljajl J-l’-i !i*j _iilLil 




C^> <-\jai^\ o^j V* jcfr 



C~ilS"" LlS' g.\.,^ad 11 ciliaJl iiliSLll ( _ r »-jjj dl j . ^IsM »!..<» «II (J 


idL^Nl 4jlll dll IJL* ^P^ ‘ l^Lill t—ol>»lJI 3jJ <—Jgj ^Jp ^IIaII ^l^lajl Ju-il 

'Jj i Ja,./alL ^pJ —^LaII IJl* <1 j-L>- Jij i ^iUJl IJui iJL^II cilUJl iili^Jl ^Li 

" * * , * * ^ 
iJSs~ l 5_J • j^r* 1-ls? j-LJ V"'* ^ Jj-l»- Cj»^>j 

1*1—11 —oljL>-^ illij i 120- 10 (^l—J ii-L; yUJ Ijij 1 4^yu« 4 : *^-J «Lj^l 

IjJLjjill OlijiaiJl (^1 (J ( J^j«j C»»■j lij kiljl (^**i 1-1*^ • iill»/'*-^” 4. ; .—'.11 -l»H (_^Litjl 

4.*>i ^ dJllj ^p 4 4j-14.1 *p 4>1 «—>L*p 4 ^Ul ji^I ^IJl—^ aIIU^II 4jn-^1jJ1 

. ^L«» -Lo») <^JUl -l^-l ^ L *< w ? *^Ol0 j l^li c jil*li aJL^/I <L*Ua]l iili^JI 

^>J . L*J-lj«^ O^Svj jl Jj\ 4jll dj-l4"«.j ^»U1 J£* di 4jN-jjJ 4JUA^~\ jy.iL/») 
^>0 , Ljb l l)j^j l)I tw-£ 6 4 j> Jj ! AaI*XjuN u-y A>-jj V 

!A*j) AajUjm iyU? AjliS*" ^Jp Aj^ iaJ^ (^ylaJj ^S** 4 -L^JoJl jyL^ ^ Aj^j JJ 

^ 120 ajj^a )1 l^\ (.ii jj£ 4 ^ iwjIaAII ^ Ia-Up ^ V 

^I>* A * JLu U 4 Lj.3jA klJJi l)j£j Jtid^P 4 1 i*y+£ j/j*iA cI...*.»J jJUl OAaj-j 


/ . ( 1 •- 

~La i^-4 oS" AjJ^J 1 ! oliJt ji+0 l)Jj . {£•/* J^P Aj^ AIjIj jUy 4 oNl 

4 i jA+& AjjL*^* lp4> j ji l£)j ^5tli ^A L)i ^-J kLUi -UaJ . d^A Jjl lfL>-^l 

« * * 

• S« , *** % ^ Ai ^ \ jk i, f > 4 i jk n^> 


iiULc dJLit C ' *pj lj|Ui . jr 4>ylaj L^jJ jl ^P-UM U*J U 4 0^1 ^jc 
4 j^Jan—< (.^i ijjlaj jil 4 1 Jaii ill—il «JL* di Ipip t—JS^ ij^Jk» 
jilp Uj»- «IjJ U ^U»! jJp ipl» tillj £» id-iKj ‘ 4}*^ (^ i^i* • SsjIj 4 ij*** ^ 

jJ—* -LS^lillf c,- l 4 d^/l l^fy-lj |1 4 JI i_.lja;..« dJli dli 4 ^il^)l 

, <—jljJ a j£l\ 4 ^Jij 4 ^-l *4 ^.IftTi.i l* 


—• # _ 

4^1>- (^**i 1«1*J . dMi ( _ J S>- ljX*^ (Jijj L* 4 £^jJI lijliill 4^ 4illJI dj 

otl ^Jp Lr 4 IJL* Ldlp 4;..' 4 Lfi-i>L—• jLujI i*j^l ^Jawi ijjliJkl 4j ji \\11 

jLuNl di (^i . Ijji ^,)ri*...i ^ill S^^li il«Nl jJp I;I„a*- li i3_^-y« ddl£'. <^j£" 

. lj>j . SjJUI 1-4'-4' ^Jp 4iii> jUAirf CdK^ 4jl^ll ij^lJI 

4j4jllJl jLy^/1 a«i* d^ <^l _tJ^illl jliLlllL; 4>^P ji 4jl i jjp ^441 *5yJ&- ^Jp t——) 

^P L.U ^—1^ . 4*J^^]I 4^jl^ll cyttj djj (^Hl _^* jikLzJ! IIp d|j ^IkUi11 4Pjlj 

dl (jlUl IJL* 4jN Ijj —£a dl 4 -t-^s 4^1) JH\^\ IJL* jl—^»jl 



(jJLill jA»Ul j'i/l U Ojias- ^Jl cjLTi/l ^ jl jJJi . Oj£” oli 

■ di 

i—yLj jl -Aj-bf l-^r* 4 t^Lyill jU*Jl (j L j*^z IJjf- o-JjP l-l^A) 

d*^ jl I OjJiJJ ^L) l l'* d^ 4 ^ ill*-^l U d > *i"' jJl £^yJI y 4 <^ 1^1 jtbiU 

I,-) ^ m ^ 4 

. c-j !} Vl 4j^iaJ ^ L*li ^_jJli3^ 4 **Lo aJL 4l*jiJ jl lpJlR> i jJUi 

*. 4 Vr*^ (j4“* tfUiN ^r jA jjJcfr Jidu *i\ 

jl»AjJl tiii/ jJJ j d^ jl^/ 'i/ ^j^J^ll d ^*^l-^l 4 jL d^J y^J jl l*^" 

. UjU^U^ >_...» •> - j*i/l y»- iid^l d . l j->-j ^A>- ^Jiii 

j|j- i jL^l^J"^ j f\*«a*>ll t *^i lA Ol ^y i yjLiJl ^d^l-*^ll ( j*» J f *jH ; d 

jl jjb ^jiliJI jtliJl odiJl jl (j d^l lA-f-l-Ay • y*" J^“^b -^s 5 !" l^-^l ■ Uifjfc* 

0. t- 0 

I_fl ;<3~ jl d d*^ iSj** 4 j'- '* 1 : 1 ' jJJ-i jl d^ jl*/ “^Ji Jj£- *~>J^ oli l^2*j 

i l-i->- ij^ L- 3-bJL>- 4—*Lo oL*^- i a k - < vi (Jl bJU- j^u lL<a>- li[j . ^j*iijJl ^l^ll 

. £jJl y»- iijyJkl oJdaj^/l (_yld*ll d 1 »*l^» d^-“*i jt*- *Jl j^l 

jan»ViAA\ j\i. diVs uttjie^ &•!£> 

^ *X>A^ Q\y>\^ \y^*£ j\<. c d* J S iii^\ 4iA*^.\ j* \^e\^ j 

ijljj^iil ^jl^ill y* <Lfr illiAj . ^Jl jji»- (_^UI <S\ 1 ^Jdl «l^Nl j* liJUi 4 

kiUbf old»«d^l jyj-l » 1 » d j^l (_j* , ‘ »l- ' > t_-a^y>} . Ojiajl ^ «^j^i L« i...-^: 

4 

4 4.,^4^:11 OlilWi 6 J> L U U ^.».flsl L^>-L^ ^lil pk** AjJa^\ 

4 # / 

, ^pLi.wli t^JLL» ^j’<7 W i i*L>- Ow* 4 jj>-I 4jW3J LAwLaIAj 

^i*p Jl> Lij'^j.^^1 tUj-i ^ <J 4 UJLp ? l^aI^ d/^ - cij^ 

p ^ ^ * 

^A ijJJu . UjUJ«^>i U L ^>‘ t 

. u-iyjl IAa uiJLLc juo jl Lll^J . L*L**yl 

^ oW^A\ (\lA 4^M\ j* J^y'i *j\ tK fc V\ 

(_7-d t L-S » 4 d^ M ■ (il*H dj - 5 db^ - d d^l 4>* -^ji^ 

4 ^ < 

!-!-*> i^iljy»4 S LJ oL^f- <lait j.Uill y* jN Ljajl d ‘ d^l oLi^' Ult 

l! d i 4 * * ! ! 

<>5 -^ dr* < - J !/ fc olppwi c,Lj ilr^- 5 ^ Cr - ^ ^ 



^^ Ailip w>y^jftAJ 4»v**^ £jjl L^_4 JJ>^JL—i 

y/» l>oU l^»L> L_>-Lia> jl£ ^jJ 1 Jl^ ,^|pj . *-C ud <j\ 4 jy?~A.i ^J^iLu-lt <JLU ^|^>i_i-—* 

e > £ u i i i 

^y* ^1 O^Svjl ^J p ^y* ^ &j-m\^A jS* ■^^j\JiA yp ^j+ZA> 1 ■ «lp £ 4_^w\_ii»l 

i£j>^ Aws'bj j^jI ( jP <1—>*-Jl j^\i [ y£j t iiliaJl 

iijji^-j L-L ' ^jp J<:«> oLIy^-i l^i . o-bJ->- Lw?L) ^jpj aj^ iiuJ I oLpyL 

. U_^ L! < jlLu^s/L 

Vl >_Ja_U LL^ U_i L_C. L-JyI ^ j_S^ ^ li) 

^\ o^Vi^a^N y LiiPi *L£^\j OV»Ai. N)\>L^S ^ <^ji. 0\ \jJ$d i^\£-L)l l _^£ 
^j*V itafe ^ . Jb\\ \NicuL ^ (.4^ j «J^-y Aijai ja \y ^$ 

^ <—AjU «NyJ ^£j\ Jflj£.. 

«s 

^iaiU ijyfc . 4jy>Jlj aJL^ ^Jp 0^5*" ^ ^w>- £ol>- J^~ -illiA 

l Ja . ~J £w2j 'V j\jA JLwjIj jl_Jj>-1 j ^j£' l_LfcL>- ^J.»ju 0^ L - -^~ lAjk ^Pj ^ Jy>y> 

^ya*> iyU aJUfc 0L jytJ- Lu4Ja> . yw*Jl i_j^-/3.«/• lJ jJ^*J y^ 

<_j . /3 7 'V ^ ^^li-lil gJlA A-^-LJ . \_JlUL>“ 0_j^j jytjJl I JljI> ^ 

f < £ -— _ 

f.1^-1 ^Jp JiNl ^|p l^l jl c jNl ^y>- A3jMJ L* 4 0-^Jp ^y \^iaj ; 

<lj[jj!iajS\ ^ LiL>- ^ <y* 4 ^ ^iLjaJl 

4AjLiJl j\$i\ i y* ^j>- ^Jr\ 1 J*l\ i_j jK^ LCjJ 4 L-*J tj^v» wij )j_fc . 0 ^\ J-3 

_ e 

Ij-^J 4 jj^ p .^ > »-U \mj l*j . Jft' J±~--Azi tSjjj** 3 f '(^*' 4 

j ISs^ L 0 L»«j| Ij u 1 j 1 l/ , l ^ 1 sjia>- jJJ ^.» : .~..*j c 

jjjyjj jV 4 ^2-dJl ^J* j^al o^Lp j^J J-O-Vl jlSviVl jl jO^lj . J-O-I 

p 'jla (_^y“ L^ . ^ l <—>L> 6j£& jl c o^-L*-hj ^ L c. 1 -' 

• <j ^ 


j^i,\ ^ ^i\ Aa-.cA j . iePij\ ^*4 uj>V oVi^K»* "**J^ 0\ 

<.'Ujt»y (.'Ujfcyr ^y -\* jlL»p\ \LA Ci_jr^ li 

Ai^aj A_uiPi\ A.J.£* i i»\ jpyflP 

t t 

\ ■» ^ . yJjO^y^ a o : — S 'I lili jl^jij ,jL^- JLa 

^rv 



i U jA liJLSi c jLiJi iJut (j iSj>-\ "tyr} 

f t s 

V' p 6 ♦ ^ > * > ^j*i 4 V: p-f 4 ^' Ji 

. * t * <* 

. _jw*j Ajj^JstJl jlS** 1 *Aip jw- ^Jaj ^JiNl ^P Ia> t j*~j N IA?- 

J> lyJ| p^A^I ^ ..* ji AiUpI jjj j|^ l^Ju jl ^ft-fJtP ^..H.^lJl ^jA 

C-»b^JaJ cil '—’J'** Aj5> . <-jJ I^A£ ^1 ^1 

£jAjlj *V| JLaJ l^-* L3*)Uaj Vb jAJ A mj |1 l^l A>-jAJ AjAJuAj C<J^ iSjS' 5A>^# 

*aJ1 A* aJjjU jJJi ^P A) . Aaj J-AjiJ ^1 3AAJ-I a-aUI jl 4 

• 4 J^i tiy^l jjyaU ^ Lr jtfl P Li! J*i Jf- a^iSOl \fyjja 

1 ^jpy^* 4 ** —fj Aoii^l bJLS** 1^1 aj^JslJI aoL^- ^IJI c__L*l 

ji ^JaIsM 4 AjIjIAj djj b* ^ 1 ■»(jl lA>- Al.<fr- Aj^Jaj jfcA w l U iAP 

* * * * t 

A-Jj^>-1 jl LaI^*> ®AjA>- . ^*pl \ ^L*Aip lilfr J^j 

. l|AAj Aj^ja'Jl dAA ^Llii AlA j 4 jV i<a * ^■;*'■ »l l dAA 

Ajji^\ o€ Aj\ Jbl \i\-a . jA^i\ OjiN Joy c ^ i) ^j\ 

^ W ^ ^ iftft 

A>j . aJjAP (j ^llAjjl ^lj j^j jl l—p.^11 jl i { y^j>- 

jl l_ aa!*> LaIp . jJJb ^12 ^^jjJl d aa ja ®ap jJl^-wJl 1 -La ^Jp c- 

( £ _, -, it < 

^aJI ^jLaJI aJ ^j|^ t A«jAja5^ A : ^jJsu 1^1 ^P 

t ^yliil ^JiUiJl jlS^ 4jl JuaipI . jb*jJl^ jl^il ^<s>^./a^1^11 AlJjubll 

, jj^i 15^ ^jA SjjyjaJL ^bLiil lA^J 4 jK^ 4 j 1 jj^/ul jl ^Ja:.>< 1 

^JllJL^N J-i^ i a^rj SAp ^ t aJIx*j 31 ol^Lill oyJ <J ^-^ill IAa jl ^l^llj 

^ ff £ £ £ 

jjti a! t ^ ^>-^/1 ^P 4 L^Ia>“J . jUji>l ^l : . t >: N j K" . ^UA^ijI 

^P b* (. ■ .«-.t £ Sj^li Oi^jj aJLp AjA.II; 4j^> ^ ^LhAJ Aj^SU L-*il \lb-J 

. S^^aJI aAa ^■ ' «■ ^ aj A^l L- M 4 ^^)bs^ -^c* j^ - b^N^lA> 

„ ^jAJ Aarj AjI^ |»^J1 ^JLj'I^L* jl AiA l jA 

c-iAjj ^LipI . a^LJI ^ A_>o-kiJ c^djuil j b i jajl AaIaj jt^ ^>j 

£jA i A^IjJI A^*—Jl AN^bc* jLi ^yk j^ . AJI aJ_2^1 AjV^Iaa { aJIJI Aja^-^il 

^b^ ^ ls 14 ^ 4 pU^Nl Iaa jlj pljaalJ pL^-1 A>-^» jl 4 iSj~*L 4 -f ? r 



-Aij . O^il c.li^-1 jS^a ^Jl olil £liJt>^ 

<£^-1 iw—^ ^ K&1 . £.tl^-l 4 4 4^-jjl l^l ^-* 

v-~£ j K" i JJk Jpj . CJLi 04 ^ l^-JJ jl ^JUp ^ji g Silil J d-U ^ <J&j ^i!l 4 ^s?\ 
aJL^p! ^lUIT , £-+** jjj (j* _/—^^ •—Jl4"^ oj ol 

^JVl ^«jU-I jjjcVl {j* ^Jp ^_.w 3 .J 5^-Sll ^.»aI?Lu 

Jjl>^ L* !JL*y_JuAi ^jA l^wA? olll $,bj o&" . l^l ^-Lil ^|p d^lli 

S^jLfdl Ajjj^^S Ajj\aSj \-*0y*Sl>- 4 4JuJh$\ O-Lf- y*JU jl . AJjJjil AJ^iaJl aJu_Aj j\ 

. * 

Lajjiu (_£j>-^\ A«.«^ail (jy jjJ ^ 3^lil oL ^4m >- [^a jjj 5JLaj ajaJLjjII <Luail oli 
4 ^ jl clJLii V . ^jA jjy i j& iS N 

( Jo&\ ■ VcA ^ <,\^£ v'ujJiV \.i-» J^y 0\ te-Ay \^iy iwM^i 0^ 

“- t t . * 

. Si\ >Xaj <S^jl> ^ ^mJc^ Ijl-* 


\ri 




6 


^ (CERN V) j#' j «3w John u-Jd ^ 

^ui ^jUJi jiJ-tj jfli« >ui ^ 4 r u ■**> 4 (W" > ^ 

* ^ O' J^> ^ ■*>; ^ ^ ^ 

. i^juojI' o>S0' ,*-k ^j*-y iiJ ^' d f i 


t ^ 4 *4\ j-al »J> Ai>\ jt j«ei yry tMafr\ 4 4* 

^Jl o!5^P-liJl JS” |» . /i* 5JL>-y» ^ :. /al <£lc ^‘j* Jjl 4 ^^ <jl •Xis^\ 

\j_yyy 4 j " * If^Lu \' .^*i^ll J»L*^-1 ^ SJLaiiU l^ij 4 Aa^JaJ! ^ 

SJbJ-iJ( O’i^Udl) |? 4 i^jjt Sl^i Jjj- l^IjtJjr olijy^ - ^ J»Lii>-l l jt- ilj^Jkl 

# I « | 

o^pLiJL 4 JjjJJt ^ <-^Nl oli iyaJi (^l 

J-^y ^I>- tj*b * J^LijJl £jA (Jl^«£l bJS’ f 'j& ^j^yiAl 44kJwaJl 

L^ I • •' * L^-UI uJJlC N LjlVj ( 4j|^“ ^Jl 0*^pLil}l dJjb 

. O^i. 4-0^ S)J-s^ ij l>«L>-yJ 

***Ja£\ ij>Jb\ t i* j»y»\* 

oli 5^*-^ LL»Uj <^14 IjiUi LS" ^1 o U ..- 4 ~' JS" 4$JUJI 

* * n 
-^g» 4 l ^j 1 il 1 j - ^ 4 LjLzj OaAJ 4 — ««« J 4 

- Jrr <^J tL ^*" S* 4 r*°' ?3 u* **3r** 
\ jftiiN ^ ^-*y ^ v£ s - V .‘ l a \ V» Vs\* 




* •m 

^ L*wL*P^ £ L*A \_JJl! . ^Jf.X aJ1 ^^}\ ^«<^1 Cjy^ ^^>xJU 'b/jl Lpo 

laUJI ijjjjJI 4 *>JI UI . i LUp Lla>- I Lla>- ^ 4 jI jj.^a:T Jl cL^aiJl 

jl il^Jtol ^P lA^^alJ ji 0 £*-S^ AaL»- ^AjJIj ^A jl ^ 

4 * 

L* -l>- Ll^ jg.\<4 aJI (_J )^/i o ~i_A ^JLtJj . ^ma)I iJlA 

v ’ j * * * 

, JjUJI oiy^j 'u_ -jC ^.»■^.4*-I jL^* ^a ^fJUj . i 4-ilp i 1 —jj^-jI i **■ )*--* 

~*£^-\ jA ^y *i 1 }^j i}\ \^aj\ \Ad V££ ^ac^V V\ jcm i}\ 0i\ 

^tj>i «p \Aa . aA^\a^\ 

jjOj OLjj^JVl l(~i i ^j* ACj- -*i l^l |*_L»j Ojj-Lll (_^ UwUjO . 0J>W5 |tJU 

4 oli^Ti)^ L^f“l 1^._ji Jljjl ^.Jalli Ijjj 4 LjST^ll ol^jl (J^>- 

ijjiaii I 4 l^f'l ^j* LajjJj APj ’-■ ■-* a d>UJl^Jl oJLfcj 

. lj^« jtS^I 4^L»I oli^> ^ Li>- SpjUd^* il.. m.I If^J 1 ..jail iJs£ O.UjK"" 4 AijLiil ijjjl 

j * * 

ijjjj SjjA* i-J*i ^ J* l . lfl>-li i subquarks oS^JT i ipja^* c—J V' ( ^l 
4la^.t.>Vl 'i * ^ P^Jl | ^lill 9^1 L—*La> | o| __ Amj 4^>>iS jjP^ 

. i\yi\ Jjai {j* jLL* jLL 4 <~a!^ {j* l*A»-jj 4 _ 10 Ll^i 4 UjIj 4 ^i. 

(. £j\&y jA (. ^\i-\ siiis ^ <. Afrj^ftA \^t-\^ ^$0 OW—-^ Cj^ N'i\ 

^Aji\ jA 1 A»\\ \'iM ^\ ^ oVu«^\ ja ^ jj#i\ ^ ■_» 3 > 

^--*V-t\ OVi^ \^\i (N^fli jA \^ ^\ oNa-^N 

. l)L^J 1 jbjir 4 l^j Aj-UiiJI jly^l 4^ -^ 4 ' tlr - Aispt 

S 0 P <J JU)_ ijhif- SOp J^c jl jLk^Jl jjj Oji lil kil3 <-jy*I C->1* 

<J 4 JjU; iii^t SJ^II oU-J-l . JJ' l*i* j* t.^ ty ^ 1 

i^jyu d)l VI • jlr*^ 4 liiU^-l 

j! j£r ^11 l_JLN1 ja jiP iOp ii-SJ-1 J iJU . Oa-Ij ^IT j>3 J* 

j£- ^1 4 £}JI lT^ W" (^' V**^' o L ..- 4 ~b ■ 4p^' oV' ^“Aav; 

ut f\jJ)l\ 4 (jiii^l oU-jjaU -la- ^l b JjLs; 4 V-* jy^wiA 

■ Ui^* -^b jj J* ^'j " 

Jfr ^ A^- ^\i 4^i> 4 ^ ^ Ji*. A\ 4i‘\ Aiy y 

^ \pu£\ A>~U Aj^-\ viiia ^ ^AS 4^-\ OjV\ 



j|^ yy 4<» t » l l t, £.L/ j aII J ojljUbl Jl iiljJb/L c ^LaJI Jiji\ IjyA jl . 1 -La 

. 4 * 

J 4 l"<_ •■; oljljiAl *)J-^ <j ' 4 /'?^ <(-ii-iJ-l j V 4jy- w->L3^j^ l_s<ajl aJj t (JSAjJ 

4 > < 4 * 

y L^jj OjSvj jl yy*i < t Ji-» un J**" dy/'j ‘ cLaJI 

J oyptfl iUy U^IJI ^lyi-l jJU 

jw*j 0\ l ‘*j /6 0\‘i y*^£ \£ Vj\ l ^jlYl, „J \jl\ llii i JA ^Ai j\ J» 

’ 4 ^' y —J. o‘\ n\\ oVaiV-V A ih \y>\-» 

^ \* o\&j» J iiyry 

<LilJ-l 4 - 1 JI «Jla Li>- (jjy l -xU • ^"^ J! " '-•*"' g tiUi j' -LSspli LJLp L»! . j»j*j i LJ-L>• 

j^JLp i»ly <^l 4 GeV t—ilj»- 1910 ^JLj oliUs jwJ *—jl LJp ^wj-l ■ s> 
jj£j jl bj[/y~~A J jS/l y>- If^jL [ia^:.-.! ^Jl olilUII y »y jU - 4 

Jp jJJjC 'b/ ( J^-J t <j-U<aJ 'b/ Or-jjJ i_aJI^sJI -IslaI; J—y*Jl IJl» y i. J*») ^ j &L> 

. jjJ-iJ opUl iilidl £*-jbfl 

£•*:•■ * ^ . O^\ioi\ \-aVi-, j\ v_jk . Jyfi\» *jw> ja Jc> ^i\ 

9 wijyA o\ik- jaHa* A^yikA ^Jj\ ^ sL-£.\^s*i CAilVA aia’yi j* 

jlSJb/b jl jjjji ^Ul i*jai <il j»P, t (J^ - (j^ 'j' Jlipl 

- « ^ . 4 * / * 

Ui Ui . Aa U >* jLTj! -b^y l )1 t c ^ 0 ^ a J^aJ ^ 4 *>Ui 

• jly' <Sj~> J[ J-aU 

ijlp ^y 4 Jl Sjlil l»J^p J»«^y uJLij jl jjjil Ji 

• Cs^yL* j*b/l jJLk 'b/ jj 4 ^j LSy* jj»l^-l c-*jJl J l-i> { ^S . l-b» 

Jfc . OW>Jl J Vfji .fl\\ 0 \iiV-\ ftjjk jS>^ jNyA 

^VAj^p ^ CxJit j\ J^tsb 

oU*-J-L> J ^i;'b/ jl (__£.. Ja Jl 'h '-^ ^1 

J^- 4 *jvaiP 'r' (j*'^' ‘ J^; <^-i-l' jj J r^'^['^" ‘ 

^ -...; L* jl 4 jLLM . jjy^J^J iJ^Jl ii>»*lJl L*> («jLjaii y^»l oU»*-^ 

jj^Jl jl *1 t «ijLSsa |f —^-1 l* y ‘<^>- 0^> jl i 'b/ 

. <ukift <&>y£ ii>w kiAJj? Ail IjJ t^r*"' '- r -c"- > '< 



UU H &A \J^H V ^ 4 /\ j** , 

. \j 2£ *i ^ 

I 

• ,r*^ ®-^ -Ai >iilj t)l ijij\ i pj>j 

P t « t 

U-* iiyj o\ ^oi—j'i V-Ay^fi- cA^ t *A»j^i\ 4i»vii\ k£ jft j*\^\ ^«.L-ii\* \A\t 
^ jw~tfi o\^iiV Ci\ ^yfi \ a „ .a a 4__p\> \^.\ 

( JiU «U^ ^1>- ilL* Ol Li} . iJL ^ ijL*j *>Ui 4 -ju U <Jj j^ilL juj Lp.s 

Lr 6, 4i>—^ >* i^-jk/4^' J^-' t>b i^-lJL j^sll t^iJI yy ^Atj^SS 

■ W* S^l c l^\ ^ JyjUl j! t il^Jl oUj^JNL ilL^yi 

4-i*} . Olyy* ^Jp-U O l« ; . ■ .■> - £• iiily» l^_ai *..,»Jg^S0l Jyi-I jl 

jlyAN JaX liyyfCJNl l)I <K"Li jJp L*Lc t ^yjl jIjiaN j >-1 Ja£ 4 (_^j>-NI ^A t olyyAJl 
* * 

L«> jyi\ ^j* <uL^ ^at j! yi\ Li>- yk LjL^S^ iL>wi a^i*j L jli IJiA • yjJl 

. t^i^ryi ^ L _r a ~ f ' (J*^ j' UyyJI i_Tib 4 ^Ll» 4jibit i»lflj 

LiVjli ^ < JnAi S l 0\iii-\ vl& 0\ A&\A\ 4jy^\ AjJjiaA ^ oL..^\ 0\ 

* siiii a^yp o-~* Ui . i\jJ\ ftjij. o\^si»3 ^ (. iir^iiN i\jui\ 


Ji ^j-LiJ J..«.^> ^|p l^lioi If «u^yjl Aj^Jaill <Mw> jl 

I ^ « | . 

tSy** ^ C-JlS** jJj . ^ L-^U- Ia-Lp 4 ^>-1 ^ ^1 * 

aIaj 'T 4 4 4 “"" , ^JL 3 ^ o^P-iJ L« 

^lv.:^l .^yi- 4 yli(l IJlA Ijl>- l JLu^mj Lj ii^Uap[ N Ju I . !-Iaj ^jij^C'j 

•l^k) 

^ f g. * tf - 

oli ol »m..>- Oli^ijiJI) I_/aji oLi^-^jiJl LL^ilj c t>Li* liJLif- li[ 4 jNl^ 

« 1 . 

il*Nl ^JuAj £^aJlj Uj Ly . i__^Lil iA«Jl : ..^aj ( ^L* t Cter* 

. lj»i L j-;*-‘ L;l jJLj ^!l ^v*jJl LJLiaaJl ii*>L5! 

4 4j\^j> i\ju\ *!f^ii_*i\ jiLL'i Li\ ^ A$wi\j# Lija^\ L\ j^vi 

Am\ La»- I^La o€ 



y # ^ * 

^ V> ^-Uj JjLllS^ L^j>»- ij-UP . lp> ^aJj"LJ jl Ljp t 

fl-by*- 4 r lj ULsOl { y frLja^]t <jl <jl Cr"^3 * 4jj5^ 

s' 0 * 0 * ’* 

g Q, ./i .,r>) & JLi <jj>J Laj^ L_j^Ji l^* ^ 4 ^ I^iaaJ ISU 4 Aj^-w* dJ^»*** 

v== " * < * 

„ (J^i> j> -b>-1^ Jlaj IS AiLc>- jl JJ ^pjJjiJi IS 


ai~JI aJL>NI jtS^II ^UjI JjLiJ J^iJl IJu J-»»ii jl s-ip 

St f §. 

‘ Sjj-isi* <jj>y\ ,^iyj ‘ i3 ri)- u j' ^ i>o^b' 

# 

. aJu^l <Jji* 

* 

S i yj& V^>- 


ck^V' 


jfc t * 

O*-b J?4|y**Jl ^jA ’^S'y+jE- \y{£> <1)1 0^ lU-A I^Lj Cj^~ aJUj L* jj - L ♦-^>’ 

jl Ijb JLa^ l-bv- cUfei*" Ja>jydJl d-i-A jl . HyiAA t-SLuTb/l <J 1 jj^J Aj )$j*P 

oJLA ( J£*" jLi>*Ij ^j^jL^aJI fj/G*-* AjJLPj . SJjyi-l l^aU AaJL^- 4—j'b/ I 4,1/ 

. ulu a^u y jir isi u Ajyd jn>« ^ oy^ji lJNNi 


o\ J>£ ^S\ ii\ia\\ O'iN^- ui, vJ^S* «\*jj&\ ja ^Ay\ *y& 

Njb^Mpy 

tT ■ tijy j* V*Aj (ji^i)* /" ^ tiiij ^jC . ^-^«v 3 1 -A_A 

V»ij i y^itmi jt I4 ■■< *»;' 4^^£ • Jm* Jj-Ij ^/-b OljjJ)* ^,l<i<i jl (_^; js£)! 

j^l •teA oljjjy^JJ iT^j Jjil L»-bp) j/UJl UiU- ^ ii*>Ul ollj^llVl 

^ * * ** ^ ^ 
j>j ; tauon 4 !AJfi a^» JiJI ajIVJ l-L>- a-JLj ^ j>j iinuon 

iiiu u^j . jjjbii jA jjji o^sj ji bLi ( y>i_*ji; (j^Jii ^ Jijij Ua,I 

lil tlliiT ^S/l jli ilitf-Vl Ji jf-Jtf LjlwJ 

. J ait -±>-\) j^jjij Ol«..— > - tSy* ^Ja»uM ol jj)aj 

_Vii Jfc iWi\ v->\iei\ AajjVit 0 i\ "* ^ •>. 

oV^r^^V i^\ 


JvK^ ^11 i_^Atil JJbu <yj^X^JNl OLk—J-l ^JLP Jojj Jki jjLil ^Jlpl . IJl» 

i 4 iJ^iji r \ £A 4jLJ^i)I iSjjlaj [jj£j lij . Jp i-iU^jl jIaNI lijlb i_aI? jy>- Iplp 
iSj-A iSji^ < -r , lJ^'^ (Jjb ojii lij ili4 Jj-I^ c_—« t 11 iiyilil S-l^sUl jj (J^ jl j^i 




j* ) LjaJ jl 0» klJL^J . jv-j;- 3j& Jj-1^ s.-** 

J^ 1 Cj* v <j^ (JiVl Jp ^j^sjt 

^| i; i' *" J.AP tiJJ J^JUI j/k u-Jjilit t-Uk ^JLP jl ^p «j> 

ij* (^s\*»\ »\. ’fl ti \ si)li kijk') \^r£yyi\ 4#li ^jij \i\jj \a\ yX«» 

. v— ~~>k5 ^ v'^iMN j\ Je\y4\ j *£Jil\ t&tjaib 

j^l U j-LJ ^dt t o L •••^■1 Jl jvIaj M t ii?li)l 4^1 *4jJaJl t LiJ dJi jt ,_£»»» JLi^ . ^ju 
Jj-^aJ-l ^ijn*i-i -ki jjjl jl ^yi 5 jIp ^ jS - " -li* , ^ ii^L» < iJjl 

jlj cS-kly yj^/l oli^il wJULj JL>-lj jl{ jJUij t jjy^J'yi ol^,..* iila£ £j^jl gjp 

/_ / * * t 
. Xjji y ^Jp 4**1tP JalcL J^Jljt Lw l^Sy 

tiJJj (jlio ( cJl» (Jj ( A^jlaJl aJl* ^ij . iiJtiJl jlj^/l £» ^ jt- ljjC> U i j&J 

ilJjdjj*- *_iJL ^ij C .'K U-LP l^jip (1)1 4iliiM Vj i tl Lj AJ^^ryi £jjj*yi 

.uuu 

^fycS-. \jjf tfi\ y»iV j OA \iSi* vl.it^> ki&afcN slA^^y^AN 

j* Vj-S" \iAP j\^ i.\jjk \_l\il uiyp^\ ^ i£^od N^j^y^N 

. ^Vy- (\,\ syu'i Ai^N j'i 1^ k. a j»- u>».'P *laii \ jjk^ . oV—i\A\ 

0\ v»s\ii\ Ci\jyii\ j» ^ t yA _j-io. <. ^ < L—»j ^irN jfr Nifc ^ 
\-«a^ ^V> m.a o\f <• ^ Vr^yy jt- ^?sl 

' * j* ^4 *' y*^p 4 y^i. jj»iA-i c-*)3i ^ ji^ji ll* i^i^n. yi Ai^i'y 
(*JL" jlj t l^.- «l (Jp S^jjjLl <_iU i.aK’.- S-y>-j iiijJ» iHi* jl S« : :---: jl 4 t j-~»-l 

, IJl> Lllp L^aJI ^jill ii^jaJI 

4 l ^„fi Jp OlU ola^ (3^1/^ 6*^ 

t ot l3-^ l)I OjL>-i Ji |1UJI ^ S-ibiil ^UaJI tillj d\j 

jK^ LC; lij j>-\ LLlp jl c (.iJJLa jl iiL> i [a aa\ti\* ^iUJI ^ 0! <, 

0^"^ 0^ j» ‘■* ^ ~ Ol UjI ^ Ulj * obj^yi^J| 4 juj1 «-LP 



^ -\A \*\Vi oV J* tyV*$ S-ri N ^ ^ 

<jip L- j^P 4^JjJ^jJI .5.AP jl <»1^U-jtT 4jl J<j£jr\ 

UlU Jj^j ^ 4jJ . }U\ ( jt>yjO£'. <^\ li jj^J *Uj (J^ U->4jI 

C tiJLta JUlZpl Up AI**J (J 4 iU C^j\^j^ 0^ U JJ t U...^l \i 

• L&^iji* (£)£ Ul £jfe ‘ JH «-^ ijj £Sr^' <_}* 

Aar^j-» ^ ^V-^ja N^ ^ a ' i 0\ gy» v\^Kv o* ^ A* — ft Ufc J>\ieiM\ Vr^i 

\Joji- ^Aici'i yi\ 0\ ^\ 4^—iu ^ '-iViUV Vr~3 <.U» ^*£ n£f 

4 * 

<? Vsj «ai \__..^)\j^ 

U«i^J (^UJl Ob^JI jj L^O , yj 4 J 4 4 *«■■■■« * jJjJli • I-* 4i^ *iJU> 

^" * Ljaj\ y*^^ l*X^A^ . <Up J—iJl S^S jwo UL*^Jl yj t^jdy l)I , ^U« U-4> 

wL-S/l *~J\j J\^J ^1-Ul yy- i' IU*j . yy J' j* f^yi yp ‘ Jj'Uill yy>\ 

. 4_«ij yji\ L$^Uf iJL^Il Sjill U* %_y yy^ ■ U •»«' ijJ*~^[>. *J ,j£j 4 i^U-UI 

V^'iN iWi\ s3\iiN ^\> ^£-1* *yi\ #Ua ^ 

0 , *-£uJl iiL jjoJI IJU* j* j*d\ UjJ j)j . L.U 'jj* J^U </*>. ^y" '-i* Ul 
jl^j i! . iJujir\ cJJ ^ ux «^-y-» j| LUi iils Ul-b> W^ 5 ' 

*w*. ^ _^l- <J»>v tj^ii i*i»uji Ji W^' »^' ^ ^ 

. « iJuJr\ Lyyj i» jjai v—^ °' 1:1 Cr 7 (/' U ' ^ • ‘> IUJ ' 

UJI _,> JUU cJi^lj : 32 " 10 Uj } W" 10 ji 4 f*A OjTi 1 T r - 33 ^■ 10 Vj 4 ^ & U v> 

js^ J>Vl ^53 . | i\^r\ i j* iiylil i*Joiil «UJ. jUall ( ^liLl I t-»l— i~ *L-.j-iii kiiLc ^ 

AJj ja Cjiyjs. iUo li ^ y^py 'U* 0^ Ujj 4 y^jJ C-ij ij AjLJ- HjJ* Jp jy>& j 

ju iy Aiy UJI Casimir jS$> ^jaaS 4 oL»«->wtJl *ij^ <4 <J^ 

JI& } IUa ^ 4 jJUJI Jtf\ 4 *>M* Jail' 'U* ^ ^ ™ 

. Jjy <lt- 

'iYu_> ^ ^ <A'Up*i\ s j\iiV i ^iy^\ \ \U* o\ii} ii\ jU^ 

. ^ \A»r 



ij <i—< (jjs^ . L*li £-*w» jjUi 

. _ . * * 
i^iaJl f-U- S^>j ^y**j <J~-^ <^J * ^j--^!l 

Jj^-j ijl£»[ 4 jUJ i*Jjt ^ Ji ^l*<l •r^’ <jjl ji S~*J ***' <j 

. ao*^a.<« ^1*j1 


^ iM 

^IwSfl (^1 i i_jj]lil jjp jl£»j!l dUi ij S^i-I (JlJ^I (_^[ b>ii : Jyl ^Ip 

jJI <Jl\jjf£S\ i;->».t.ll (.LjuL 4>.Vll *~~!j* 4 C-£ ^>-lj tUii (J oIjjI-Ia-L 4 

S^JUnilj t iJjjjJI jlTj^l ^ t jjj jSj Jl^ 4>..ll <CJJijl jLyi/l l)I \j+~l . Ubi»- 1 4^P L«.15 n7 

Jil jU*I ^ i^JaJl £j^aJ (1)1 ^ l a: —.» CJli . «tyjyj» LL. ...J 4 oU^»ji ^ill ^jJaJl ^ 

~ i t 

. 0»->w» ol£>}JI iljuVl ii.IL' ^Jtuu lZJjLj lij a^i-P £jA jl ^j-tpj **** ij* 

• t/**< °Hr^ v - * - *^ y*l I 

Jkf jl ^ olX^\iir\ OUJ\ jai . *NjjN |^\ ^ ^ >*■* 

W Vyd* V^JoJk ^ *>•'» jp* Ai'C V» 

4 ^ j4 .4W\»\4 ^ 

j * # 4 

<!—*>■ j^| L-.-fc.ii <1>T Ud» Li p jl -Liipl Ul> . <*JLil { jj**> pl^Jl S^Lp ^ jlS"* Uj 

. ^ 1^ ^L*Vl ^1 j^J jl v!/^ itUjjiJlj j^Lilsj^JI U^jiJ 

^UL* $j£- ^JjI ^Uul ^ OUjiaJi d-ijb JS^ j^^J jl -Ijb?" 

L—jj!L*l lU^i>-l Ljajl <3yiJl jl oIjuj! oli a Jl^j jI ol^laJJ 

• -^b <j 

^\ \#uA\ o\2ii-\ d^3 ^ y i.\^ijiOj '4^' ^ ^ ^ 

t <w-dN* s i\ jA *Vk V ; .* V^ . i 

Lj*U jl Uj^ajj aJbyi-U 4^«Ojl U-lP bl> . j^£sj JlapI (_^>~l l)I i* I^jC 

■ J*Kl jl Lfrti jl Jy> jl < iO(*-b ijrjjjdl Jj*- l+il 7 d)l jJjU aJiip- 

^3 ^-.^e ^ja 

( J->o <1)1 4 j»-»j (j^ij ■ *5^Ji -Lapi ^^Jl ^jj <-1JLj_ vJ <1)B^ lil . j»-»j 

^aj ^ <1)1 (iLip jIJ" Uj 4 yt* 4 iiLil ^waj jl OJjl lili . J~ill I-La 'j* ij^ oLil^*J 


^ ih 




c t . Ipi 4*1*111 ^oj ji ^Jai.^7 'aAs>\]aa AjL^arj ^ *jyj AjJjlL 

. ^<ajl ./i^M $-1 a *j Ll)1j jl^>^!b ji J-Alpl \ ^ 

Hv \4 \ oVp\i)\ j» 4 Vjki o\ 0s5Hr^ v > ^ ^ <y 3 ^ 

.U0\i&\ *^\ *^\ \£-x ^ iiiij «. tfi\ j». 

« ^ ^ J * «•* 

lLAIj Js W* 4 -^V^ 3 «^1 .Jj>-i ^j>,L^ ^ t -^ 1 1 L^a>wi Lj^ . *^j*j 

! jNl JJ *Lp <> ^i; odii ^ Ijf sl^j homology J^ijiS' 


Oyuc* \ii\ Jjsfr\ ^S1 i.'ijjifcii 0\^f^i\ 4\ O i rto iA ^ 

4 \ / 4 N ^tV 4 AS-* ^ vf. ^ ‘^3 v£* ^ \* V& > W 

^ ijje^\ &X^u. Kg^^lS Ci^-p^S ^ ,laj»i^\ 

(Jl£>-i ^A <OjUJI Aj^Jpl ^4 3-L». ‘ L.,.^ l i aOLI^^I ji ^|-U -AP» *—-^S""^ 

iS^^yy}^ a.L ' l ^k ]^ ji aULj^/I «JL^L^J^Uil aJLa^ . 4j^L j^ilL 

cL»>l * C/* ^->1^ j^^J ji ifyt tf ' ^ lijjl IJLa ^ lf^4 <)>«■—.> ^lil 

Jjtjj ji L*li 

^ ui-* - ** 1 -L* CERN j,w. fj [jJ* jU ^lil Z j 
4 jjyLjjAii 4j ^yu L* aIj*- yj . iiJLill *ijji\ {j* ^j Z ^jjl y> ^1 

. ^ l)^ j ^Ji i*xA A^Jt i" j! * . t 4 - ~>- - 'l jNl j^-^ 


^ 3^aA\ \^.. \^d j£jf\ ^4 g .r 


OjS^i ot^t^Jlj t IfLU; ^iii ( jj^^INij <p._ l i iijydl oi «j.i.i-l iilj»J 

yL\ ^ 4 jjiSji^^Ji 4 ^jj Lf ^ 4 j 4 ol« 4 >♦..<« •> ■ ^i^ji -^^"J \ -..ia J i 

»Ji_*j . lcptoquarks A^l^yjUI ol«j...4-1 .-.i U c oUj^^J'yS"” 1_J^- ■ * / .- , ~* 

l^l Nj 4 olSjIySyuUl ^>-j 0 ^ ^Ja:..i V Uji ^*j i JJiJliJI ^ al>-ji.-« iJl^ibjl 

• l - J V ^ J^i»il jJ-j aL-il ^ji^l 


* 3^ 4^*A^ 4 ftijk ^ *^if ^UNfcjt Af ^\ i^a»- 

wlS" lij L,» y£> |*^ij Uil jLLpIN LU . jJUj juo^ Ijl^- ■ ..^.1 1 y, 

ii^ll oU^Jl j» Lb- ^ a-Ljai-l b^lil jt «JbJli-l iJ^jill kiil; 

• ii>U 



Itf ^ iJljj I- 4 c liyjA oI&^j apLlaJI LjjJ o~L^>- ^ ^^3 

^Uill (J Lii^la l j~*Jji> yJ»U-l (O-ijJl (j ( y>*i* . bjlpp-^ ^ 4jl£^/ olilWjj 

• *^l t.^ Oj^i^l ~Jj . U ,J} ^ja:—i US' lij LJ iiy» JjU^ 

^ j* £ji\ U* \*Jtf. t && »i\A\ o^r jA 

4 »i |\A\ o\ Oyli>l\ {jtA . *i» j£\A 4i£i\ ^£> j* 

{Vft ^ J*z 'd€ \l 4*jlk\»r M* o\We> ^y» i>£ <.^W>i\ ^ajufiN ^ t 

S iii'i Vmi iicrt ^ . ^\ \*\y a\ iuw^ |NAN sJ'up^ 3 ^ *i3\i^ 

ailLl t “CC - ! c £j-)l iiyrjA 1^1 JjLaJ ^l)l «.LO.VI ^ja 4 *Ma 4 iJL^i . lijfc 

LjLUyC L&1y 01 ^ .J av » i tAi 4 oLy^ij yyju'i o^L» 4 ajl^a js- e^Li I^J . ( 

B * g 

iSy^ l _7-a A » ijl ‘ i— 4 /*ji 4 £jla^«J UiN IV 1^1 |^L«j L^j (LjlySL~lj) 

* B I 

A-aji-l ailll ^jA Lp^i i ■» :■> - jJL* (Jl j-by 4 (Jj^ll l-ik 0 '^-.->~ UU L*-;* iJiLsil A-iLii)l 

' i a £*^ .il^Ll (_jJL>- JjJj LJli) Ljjjf- UI ..T A^Jiail 

ULaj jl U^S^lljU ^jA 4 Lt..v |*Jl*j A^aiUl aiU.1 aJLfe ^p L*l 

ij^aJl 4 ^j . iJUaj Ua J^>w? Jly L• jJapVl jL>*ii^U a_ / ^Al ~ i ^3x A < r*--“ l '- v 
JLa-lj 4 aJUJj*il iijjjil tlr 4 * (3*^ <3^" 4 40^'*"^ U* SjjJpl 

. i UcNl jl»uoNl Jl^* Ljb ily^j jJ JajJIi 1^<.>■■■* I «,..^>- 4 c.!.‘ j| obrj^^ll oJl/ 

ii j^asj 0>\ ^ ^\A\ 0\ Jbl lA\i&N *^ij^\ l^a^N Nl\ 

jl^N L-. y . > A o\ ^ jfr ft^sl>\ 

aLXi 4 ^ (>!y 31 l£j^| jy^* • I 0 ^ JJlzpI 

^-Uir 4 jiui 3 i^jyu <LLiji-i ^«»u«ji jf* oi .>~ >«' ->» jjj^p . jiuji 

B 

(Jl 4 <L>-jil ti-Uj (j 4 jjtjallj . (LiU *£a ijlji jllnjl jaS- (JIS" L*Jjp C..»(.^» Ji 4 ^I 

4l^iur> 1^1 dJb^J . JIjJju Oj- 1->“ U L a---*j~l Lali (OOlS' ^i^ytil t\>yj&\ (Jy3> 
£jf- (_iiii£- (O^lfr^-j iiJliil ii^yil (^1®*^ ^ l~*l-^ 4j^*^' tj* ^1 . b » »* m » I J^-I^il 

(*-^; 3^" (JiJ^^ ^ ; ^a *l l-C AjJja ^l ^fll |»^Lili .ULipIN^ . ^!*ll jy^* 3 4 

4 (jL-J-l (3 l^Jk^-U (Jl <-^1 ^ill tLJ*Vl J^-l jl -^ji -1 jj a *jy^ 

i-Jl^ll ii^liil pIaNI (jyij jl/ul Ij LUp Ju£ (Jl JB 4 jU*Jl jlj ^JL*I ^>-l^!l 3 (J* 1 ^ 



i, J~ i '5 jl iJj- jiJj Ifjj . OMl l^iyu ^1*^1 JjiJlj 

0* jji 'yjf A^S ^ K& \i+&i s3\*i'i\ o\ t j^A Jjc t 

* - * ^ . * ✓ 

^L> tJj/-i*JtAJb *J OK - " |U*jl Ol l-L>!- ^ i 

tjl ^ll*jl jjiaj tbl Ojji t O^t l-L^- Aiy*i M i ol*Nl aj> 'j 3 *'. Ojj t iljul 

. pjJI Ifiyu SjuJill jLuVIj o^-w* j jiUJl Jjiy i L^—jj je, ,_ j-1; 

\}$\ *^\A\ »jjA\ *4^j jA ^yp£.\ \ijbi \i\ 

cMf*\ ^ t i* \^\ 01 ^jji\ Ci\ ^ i«U\£\ 

oV*5-iA £ & iya cA ^ 

5 As-t^ ^UV Ary >SsiiiiS' ^\i-\ \*Uk . 
iV^ *A r ^ U C-»^ J* ^jl 0^ ^\ 

Jj t SjtjjyJl ijjUJl L>Lt^"l jJ jjj U jlT iijLaU jlj JjiJt ^Lj»»-^jl j\ Jipl 

* * 'f M 

* ijjjij . tj I ^ ^*LsJl ol - l—**I p ***** 

A^oJI ol liJjfj . 4g^l) O'ApLiill ^^j-U -X*j C-JK^ i 1 

tiJJj 'j* V-U liJlar-j kiilj -b4"l ^jT^ <0^ ^ 

Sjillj «OaJOJt ayDlj 4j.-.U^SvJlf' kl^pLulI ^Ji:j Q..> c AjjLaJI LJu^Ja:!! 

> # 

l ju—Jl . ^li> i. -L>-|j dol % j.-»- i 4 jL«wi]I 

. Ol^Jo^Jl Xk J j aL»^:...U Aj»iS\ d^jU>? 

Jjl* Jjp oli i^jLp ^y* A4?U A>0 .1 JT < U Aj^JjJ 1 i^iiJI jVl 

US*" g^JJl ^jJl ^ ^Lp * lf *V OLIJj J Jlji L* Ol^bUlJl y* 

Ipip . 5-^JkP cL-tl ' ■■ rtj l 

^1 i^»lsLI ja iUUI jl^Ml jla-IjS' ti*UJl 4. r O ol 

C»ti (^ji) iJLil)! JL>-^) A»u>^ i,|jji» Oy'jJl jL^-l ■ .y ^'l^l/i 4 jjk (jj . Ijyii 

i^p tj UULIjI ^i)l ^ (i*Ul 

. *y>^l 9j+£}\j ijjjwlllj d-b_LjJ^ O^ApUJ' 

C>\ J^x 0‘r^’^ j» \AAfr o\ a2ba\ . ^ sil^ *>■ ‘i'y* £i \jjk 

Q\sJiiV^iI 4^(U ^\a\ Joh ^<Vyfl 



«j* ,y *-ju ci^\ <^^5^«.V^\<4 

t^A S */pV tt\ii^ 0^3 a\ ^S. YaM <* V». t .i>A J i_^\ ~ A ^ ■* 

uv^\ 

• ji 5 ^' j J*A v - 1 * VI . aJIa> <_£^i Aj j^AjJl Ol♦ : .-»>xiJ jl (j’* 4 

« ^ « 4 ^ 

0 jl—* jl J^“ jjJjLP 4 I Uj-Ui* frJa^ jl ^ *S^>* ^ eljLi^jC 

» c * * 

Uil^ 4 aJLSJ (Sj* *i oLjl jlTIiIL * *w^/l ilLiiil 3^i 

(J iJUill <_£j£)I Jp ^ ^ jS;: .-* jl LjLp ifctal < 5 ^. Li^^l lij 

. i^L-Nl o^U-Liill ^ 

^ d^-5" aL**a O^b ^LlIvjI ^11 -iui . j^p! 4. Jii ilL* 

4. Jli l^| . 4.4^«iCil illSiJl Ju (jjJjJI 4*4*5" (j*) ‘ J** L^I>- l j£x ^ 4*^<L>Nl tLj-iJI 

4<j& Jp ljl**£ Jl jj »j ]a 7 .^ ^li c tij-br- Jj.5 ^ j^.- -» Jj-Ilij-i S-AP 1^1.. ^ J £»K" 

J*lJ^ iliij iiJLill iijV' t '^" Jf *ij& <1>' J-'-rf ^*Jl) ■ tf" J*** iJLiill J 4 ..4^ «. 5 * 

* * A 
yXJ t j I 3^1 L yaju ^ 4 <Jj . i*Al 0 ^ £->«JJ jl 

p * ** 
iilij ^v» JjU^ l*JLP t U5" liil • *.‘^*^* 4jji»j J l»V^- j^li IJUkj t a^JL^ 

j£*iu jj^JI VV*^ ^ v'—*■ '- 4 J J J -^ 1 

^-.•■Ll^ t jJL; U jjLLc J*i/1 Lu5<j . <^l <1 Jji Jl l-i*j — 4 j 

i^jiillj Jl C-Pi ^1 V-sV' •-r’V^' j* • -IIJLmJI ii—»- iijai t 
t jji jS *Jl JJiJl J £j\jyb\ ^Jipl J£)> 0 “ tisV" cV Jj*^ V* ^1 ■ *ij$ 

. oL«]l <~y~.'S\j Jt^ll jjLlSV* 1 ■*»*! 

i^i Jf hjoi ^ *A»-y I^aj J \^ ^Joi\ ^3: J C —4 V\ 

^ »yH\ 

! ^ 7*^" *4)J^ *ij**~“ J — 4 -r^ R " <J*" i—— J^ 1 ' jl ^L-j Jiil t Jj ^ 

^tji ^a* ^ 4 ^ luPjii.\ 'j « ii * 1 ^ jJ j viiii ^ 

^ t.\yA j* *iiy i^yP <. *io--J, *A»J>flij 

p p p 

j I-J^V ■■* 4j» J..>4~' ftlij^l J Uyljt«lj (ji*i I<..,<> . S^>-Ml 4-^Jl Ifil Jipl M 

Lja^t 11 iy SJLilll^ . i-L^Jl JjJj^I 'j* ijA ii* frU) (^1 c i—>U- 100 i-Jj ^ olilla 

A * . ^ 

jjSl 4 i-J*Lt- l®10 iJj ^ iiUaJI aJL*^ . Sili» ^ |*1»* 

\«r 



♦ J OliUail ^y* *ij m ~*' <-«*j|/f 

i^iaj ^'-,-/3I oUjIaII i—iL>- ^10 j i-J*ls»- 100 yu Jj Lil <jyja 1 lj 

J yAi \f ijyj~ jl t tJj*- 4-i£X) *ij^ 1 ^jJl l^i^S lf" c iSJUJl \J>y‘^ • *r J 

01 ^f- i 100 JLj£ (J flj^-iil ^ 0*^1 -L/* *iyu Lf c ^.sli 0_j>3 -ii lOtj ^y>-_y 4 1 « $ .. ia * ; 
t ^ -~y , ( 3^-4^- 0^^> N .Ai 2^4 Ijc 1^10 5.A>-lj 4 aJ^ JA4> 

' - ^ * l:... i»iV ^ .4i <3j} 10.000 j <^31^- 1000 jS- 4,.^.j a > (J3~J 01 Urt lp 

. JLty ^|;47..«* JUy* ^ JT 4jjlaj 4»l jilj ^JLJ Ol (^1 t ^j-AJIj 

yl» t ^l^Jl l-jIjJ-I C..- : i oS/l ^»- 4Pji^ail 4j_y^Jl OljjJaJI <31 t_f*~ C^J 

. .11 4j y 4*‘.*11 O b» »... 4 0 frljJ-ij 4 a-^»LjN 1 «.L^jiJI 4^jLi 4 m I S ' <^jl LjO J^4Xpl 

^>■ < 1^1 ■Aic-1 J 4 . v--;y»)l ( J ; ii ; .-ll (j l,iP jr ,_5-^ 01 <J Jt^-1 i^l 3il^A 01 (jjkl Vj 

‘ ^ y <0^ j J* J Ol^Jl jl jt JT ij^jaJ £-^aj' ^ jij 

. 4_-LJVl clj^iJl 4*J Ifrj^f" oJJi £* 

^jy. J o~£ 3ii .“^\j»r\ ^ ja ^\ ».\^\ A*i \*>a 

Jlj^\ ’i^i ii\ <3^ i^K»- ij\ ^ja^iN \i\j . »\_»i\Xi-»\ \_-»\> > 

i.\^ i>\ Oi\ ^ ^ y Oiyia-*\ 

9. 4. j t y\ , \ i£jQ\ ,\f\-A.\ 1 . iiX>y^y t \^k . (jA^V 0^3 Vji jAiN 

9 <3,y-\ ^!L> ^ . ^iyc^V \jAa»A o\ 

^0^4^/L 0l ^1 4 jjJjO» ^jyiiil 4_^* CJlf lil L 4 —» iiyt» 4iL~* 1^4 0l JuLs -1 

t * ^ ^ # __. I 4 

(1)1 LS Jj ^1 <JD Ijj j^ 4 iljul AAJji ^ AjJ^S\ 

lof c q\j~> ^£- ^ a Juy>y^ D (jliiSVl 4.1 ./7%\ l-- \u»j l!^ y^j 

# . 0 f 

4 ♦ £a 4yL 4 JI— kA o 4-jijy^JV\ ^JlP 4 4 1 _ - -01 JuJUP Li3 


d)^ lili , t g <?» 0^ tAl 4 U-Ip . 1 Jjv- 4 - »^ l l ^JjLwJkl ^jA jp*\ wLS^LJIj A>-y 

43Up 'lJj>- (j ^ lili . l^J jAJ ^iJl 4 j J.j2.:m\\ doL^yy»>^JJ 

JU j! JtfT wi - <4*jJ^il jjr Jp^Jl OiU- ^y»j ? 19 10 

ColjjJ^J ^ j!m jl L^J 4 HiggS C)jjjJ 4J^1 ( j^ 2 >*Ip ^-y6 ^ja 

(( 1) \jj*> jl .i tfT w j y» i '»AJ . 4j^Jiiil Jl ^1-^} ^P-L^-j JmA 


^or 



iULiJl ilN C 1 $jC"I ijaJtill ^lrt«i ^J1 U> iijI^Jl ( t 4-»lSj 4 jJli)l 
. i—.L* ol«. ; .,-4-1 frUap'y ytUl ljl*j • (jJl>ill Jb\iA\ 

\^i\ ONy-i\ ^ ^ ^ ^ ^ ^ J* Ji \£ 

i}W& £& m y „<i>& ^vp V& . \~j&\ ly&\ >Sj^ KfjbJh ijp: ^ X$&Aji 

S j£ (£ii\ \t&*&\ ^ 1u»*\4-\ *y&\ vi^ ^s* 

ijl*flJI <jf cSjjj . i~»«*li-l ijliii \jf£ Oj' > *'»< c.. J t. jJI ^ jjit 

. * * * * 

< IJL* Jjvj . ^l|7...U JkJL-t jJp l|JL^-W 41 t Uij < l-ljf l-L>- «_a j»* ..jg 

(^>-t ij-y . JJuiiJl *i/_$ >1 t y*-^ <Lw*li-l «ytU (jl^* ^U:} (jl£^jl{ (jf ijL* 

. l»jl«.;.«l 41 <3»*!j 1 4 LiC.» (^-0 (jl (_J>*^ 

\^\^\ j i^\£V t. *.<y jm^s <i&*\ \i\ ,3f 0^4 *4' 

y- vv ^ ^ ^ o* ^ 

S jj^ y* j* V^ 1 ^ JshbPb 

V»j; 1 p Jwt^i ^ Jj-*«a5 jJ*»* (jf £*|pli ■ *2JUi Ac^IV •AjS'lsJl* 

Jyljill J^Us-.i ^ 4*4*11 14 *-^ yi !?•♦ *< fc)t J< 4 5*W-^- 

4 Jjii U' < jl Oy^ill jU»l J tiili Ojlaij f, . ULi^ ^i\ 

|*> yiidl tSijJiS) *i o Uj .- 4 -l t^ijf ^1 • <J* ^,^L*Ut_jl 

jLai i i*j, t».>* L» ^ Ol -X2^f-\j . iJ^J^-t iju Ijill jjp d >i;llj Lji»- i!j ^ » ~ p c tS^ LfcJ 4^-xll 
,j* L^t^S' « ^...-•.1 1 ^rj i ^ii 0^ t «■ ( ^i JS' *ijbi tliUi jl 

. jl 4.1 .^11 i^lil t\tjj£ 4 

*Hi^V I ^y. ctajk-J ($\ 

• l-*^" !■ 4 .fj a > _^“^l 1^ ■. ^ » ; (j^i *^l (^**^ 4 I 4 ; J^i .- _ I (j! 16 .jlo; (jj 4 Li>- 

U'i (OVp^J 6 j^\ y. i4^\ jjk\y^\ ^U> \iJi. \^\ 

i^ v\i» gjy ^ ^jrr.» - ^ y*i\ y> ^ jlNJl Cj\ 

^ . 4^i\ lyry* y» U ^at\ o\^ ^iV..\^ 

~j> o\tj» Aj-\^ i-^Li ^ i-#- . (J^ar Oj»-* jdfr ^ y#a c-i\j 

jpa* ^W-\ «_4 ^j°~— i vi y .lep «-4 1^*-^ 1 ^ 



jA >i^V j» *J.Ji ^ V* A&i ^ 

* *2S\& V»jii^\ X>^aA\ A 

^jJJi j! 4 Z ^ yi\ jlj ^UiJ £ j & ~" ~i Jl (^*“ *->*A oLjlAj <_S^**^ Jl Jjtfrl 

JJL3.3 j ^» L* jtajj JIj s-Ia*—* ^>-J)l\ j^A~^ lu^j c J^l ^-1> 

c_-^)l>»Jl ( y^ i..—Jji \ i — J 1 ! Aa^I Jl>-U . iJlA ^ i)~ L ^~ > ' ^1 c ^o—4"i 

* * fi 

^w^4“i ^<ajl ■^ •* - ^y^JAJl ^,.ya.Axiljj i A_>- i A_>- 3^-S^ 4 jL*j ^^_Jl yfr V-J J Uj'yr-i £*jll 

Iaa ^ajlwflji- ol^Ls>-Nl IpL»:.* ^ill *l.^aill oi>* jIaU jl l 1JJ3 , Jjbll Z 

. JLa jl La c^j|^ *U-A>- ( /^4 ^s>r L N ^1 t A>-^j jlS^ 131 43yc* (J U A-aJ ji 

OL**2—4"l ^A*ii g.L v 3 . ^ I jtaj U £*Aj jl ^^>-1 <w«J ^y-ojJj 

gLjfljill A_» AP ^p S^AaII 4 ^ajIAJ\ 4 L>aA iJUy ^iL*Jl ^ aj ^.^'.«.ll 

. 1^..«. Ai ^Jp (( S Ajy^-1 B A..A.lH »_4 U c_*^L*L 4 lJjy>*«^- Aji ^t t £i^AAl 

cljl^]il)l < j&"-> <_$ d^>-jll aA'lA’V i cA>L*-^~4-i £4 ^jI U* 1 *^ ^ C-^> 

^ # c # 

^ ^S*Aj . £^Jl aa_jL aii ^>-^1 tAjip^-Al Aj>-\ jl *i_ aJ^u jl ^SOr aaj lAii <u^j^Jl 

. < t 

. <^plp 4 _^aIp i3jl^5^ ^JlUjJ A»^ 4 -A^ ^iSl 'JLi'&jly 5^uiii 

. IyA* i A».; W.wj) ^-Aj Ajw— S.\ 

%Tyfe& Jpw ^ 

. \ ^ (j u—J »_j)L>»Jl (jl i^' . ^ jl L / , jA > ' jr 4 

CmI^N ftJA ^ ^Vl.»^ OjjU ^ v\i» !^J>37 Vfp'iV ^^ ^yA»- 

\_to- (. »jji,\ O^Sy^N ftjjk v\^ ^ (.Nj'iaiy, o\»wj\ jj».jni 

jl ^ ^L-^l (j-* LjUaj^ Jl Liv- ^*-?-* liiii jl JLi^-l 

Jp— {j* i—. i/^>i)lj ljl jJLU" '~—'ji f' ^ 'IjjJoj -ui •j.s>~ jtJ-j' 

• ‘-rjW^ Jj“V LA- ^jLiN ai^f-lj . t—^LJ «.^>-1 ijlAj j#- l$.- J Jycu- UUaj_y jl 
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JL»P JL*^- 


I» ■ -U i LJUsjIj t U —^7 ^ Jl -J-rP -U*-^ 

fljJ-iJt f-ljj i>UI 0|^U^ jj* -b-l«Jt ^ 4-»' . J-Uj ^ Jljfr*! (J 

4_jLa-^l)I t ( j>j^_aJ1 . \ i *~y ^p l) -1 ^ SjjW - * i A j * ^ 4.^ ..- 4 ~' 

. iiJVaJl AijjaJ (_l| S^>Nt cl^ j '. n - W <U*\£>I t-i^P • A 'i' ,l -^’ 

( jjyi tlXj\£«A ii\ '. oij AN o\ ^\£> t» ai\—i\ IS& 

Vn_ioi\ ^ v!)J^..\a j» \J»- ^-jfl i.Sy-'iN t\j^\ ^y —£a "*— 

^a> Jcfr a\2c*'i\ \i» ^ai- ^ ,\^\\ ^pVic^ Jom ^ ^ ^oJG c.r» ../A 

4y ij\ ^A\ \a\ . i) * ^.'i o\ ^fc\> ^jji ^ 0j2^\ N Ajk 

^ £*£ '<ujaj i. t.^» j» j—i3 *1*?6 "k^ai ‘^jjt v-Aj&V i. ^ ^yA 

^ ^aii\a \y\ ^\ o\j-» ij£ \i» . J^y jjw*& i\^ \fAj> V», !l jo\\ V^Vi^A 

^A*iN t i<» i^Juk\> S j^N \ i» ^ 'feJo^N vWy^\ 'M c\ viXii} 

n^\ 

jjjjjli jl U*1 . JjJ-i. ^ yAI ^li Ulyy JjLiJl jjjJl *Sl/lv tiU[J-> OS' lij 
JT Jp . ^Ui oipf V L_*a±»A Uli ^ Jf ijji: o t> Jp U ^ ^ Jp 

a^jaj . lPjLi>-l jl£*l L*^a l *i > ■ '*»~ 4jjJd> ^yy ^ * t Jl>“ 

oy Ui ^51 yl^i y U>it oi ^ i^JaJ! a JL* ol < f^Jl IT ‘ 
tlo ^yp-t ~ .- j e»U^U i»U» -Lp i^AL* i^jiaiJI dr^ ■ ( l —*^10 ^ , ) *AU^U iilt 

_/Ap ^ j—il l-i» J^l» <jl t_A? j jla : U ^.i : . .. l l . iillaJI a Jua ^XZj ol p^—a 
jr ii^Jaj I j^W* ^j a T—i ^jJ IJua ^Jpj | jJiVl ^Jp 

Jjp Cjl^LiPl il)I . ‘dti ciu- 7 10 ^ ^Jpl Olili» ^ ii-lv» 

^ oV 



(JjLiJl y^\ . c-^i JT JjLi jl IJjI —‘ j Oj^LP^I »jjb l a^iL* 

* • * * 

t^j *ij Ji> (j LsV . 4 — 0 UM <JL»«VI b»ljly t ... i 

y *bi£Jl kl^l^o I^ail jS"* yA ^JatAlil ^y ^ A<%■ * . A^JaaJI .*«.^-l 

. KyAy^Sl iiUiJl AjjJi) (J I^oLaJ LS" 

^ A \r» &A\ l’* j\ _^ -\ JlAA-i 0\ S_£. V ^ 

| *■ * 
jl ^ t <3 ^t^y* ^ aj^ 1 ?*.t Ay^. U Aaj a*L^aJI l)V 

Aj^J aJ O t U- 1^1 y* (jLj^t . Lyl^ ^ 

Ijyfc ^ y)j . Z J W C* Uy **. 4 ~j^ -4jjL*Ji OL ^V*-4 ~^ AjjJiij 

. L>La l^jaj jlJ^fl L)l j^pI 

'^f\ ^ a^\ ^o^i£ O^i V ^4. ^ 

33 ~10 <ui^ Vi \jl j — jiufliN iV w . r y—P^. Aji H 

•r* 

r — 33-]o t l*j I --- I .j Njij_Bohr jy jlS*" Li-i ^AiJ jlJ^/l i i_)& jl 

. Ifji (_J'Pl yb jib . o«jy4 J|>>L* t l-A* aj-3j-A^ f*y. <■ 

^ # # C 

1—..Pa «> y£»N plyajaJl <uJLj l^# 5pO>»-ill jl (_£l . JljJL* A :?? .*«it ol V’! 

O'^pLaJI jl ^ 4 ^Ijuul oii ^ ^-Py 4 Aj ypl Aj^laJl Jl^r jj . ^y 2 xj 

f ^ ^ *■ _ 

<iii 2 j . a) 5^ 'V _d-X>-l} Aiaju 3 

* 

. uAta . aJojjJ 3 IpiU o"*^* ^y 4 oJL>-l^ 

'u4 V\ oWj—ir ^ ijf V^ j.u\ ^]iV ^ii o\ > 

^ 0\^.wV*\ I WnAVJM 

jl ^-Pyj . Ajylf A-ja> l^iS^ ^P jb^A 5jji ^ waJ a-L a ^iaJl a^j>-j yj c y*j 

jy>«Jj ^ 4 ^_A«X-i\ ^1>- 4 La^I».A> 1 jli J “ m ^' jr* -Ll* A>-j^Ja> 

0 ^ * 

. Lw^j a .• K~*y+ 5^ aJIa» aj^Jcd jly| ^p Sj^b l^i I — L-^tT" L_>-1^-| 5^jLJi aj^JlI o-La 

S \^L^\ 

Aj^iaj iJUiA -L>-y ^ lij Aj^laJl yj l^ w .:., ^ i ^yai^jJJ < : :2dl Ajjil jj 



( 1 * 

Jp ^ IJjbj , Yang-Mills yL> _^jU 4 -^Lp 

ol -* : . ^>>- jy* 4^y*_s£j AlliJl Lj^ JjVyJ 4j^jaj 3i (J,jl A^J>- ^y* JjjL 4 yJjlyJfJ 

JySso 0^ JyAxil ^jA ^Aj£ ^jA OLLP jl ^jo- 3 4 AjjLiJ jJu^« _ 

* c 

. oIj A^_>- ^jA IJjfc> 4 Ljajl aZaJj^ dwU>-y3t Aj^L a_Jl jJjk 
4 £«JLj ^]aaJ oL^ialll dJ^A <3^ 0 \&^ (ji US^ 

• Ur >li j*ni oiNi 

^Jci \^ ^yl3 oN si^ 

*^X>I *>_A . aJI^ V i. 3 d. f■ —■> 1 *^*y+£S\ aJUiII oLyiaj ^Jajo 0^ 

i aJLjJJI oL^JaJI {3 e-olyJ-l 0^ . y>“^ OyLjjyu Oy^j\Jr 

AC JLPj 4^iLai> j^P 4_Ji^Jai N 4jy>-l ^LlAJ ^jJl Aj. y^Jl A^jI^- N 4^—i 4 AyyJl 

tUa£-L 4 ^)Lt* 4 Aaj &>*Ay*£ <LjLij Aj(J ji AAjLaJI Aj Jy>\ AJjJflJi c3^ • C£j“' L ^ 

. ijyjlyJl yp <1a LyUi \jaS i y*^j 'irt^~. 

bjy .^-a 11 3 O——J i]lJLil\ <3^ _}A Ajj yjl A~* y ^ S jl 4 JL 4 i.ll ^jjjelj 3 1 - V A i\ 

■ Vo 5 ' 

Jli . £t .S^ (J^y*l y* C.Isham ^LiJ jj^ 01 d >— ••]n> Lj^ 

J*>L>- y* 4 _ _ j 01 (j (J-*^ £* iJLilJI (Jljt J J^j«Jl !y i LJU» 4>tr l>Jitf- 4 

■ 4j«^»jr iJliiJl dy£j 01 '-r’jZ'J j-* 4 iiliill Aj^iai y i-iJaK L^L* ,_/>/ 

jjJl J jl^il 0-^04 quantization fLSu-l jiJLj ji aJI >>-T ^wcy 

. Aj^jjJl ij^iOl ijjlj ^ (j:J 4 y* 1 1 j-*j . covariance ^L-il 

jjv jj! : .-:i' iiLif 01 Oi^ - J 4 ^1 aJLp-^| ^L*^4u^ 1 01 Lily Jj 

i __ , 

SC&JC ^^».1 ■ ..11 y. • ‘, fl H -jLyMJ ^jp. jJj ^.^/3L?- ■ -■-; IJLa^ . 4^yL> 

* *■ * 

„jjbAiji aJ l^J k. jlj 4 H.Weyl Joli 3L*yt 4 aLp^I f.^ir ^aj 4 invariance 

.W W>* ^ 0* iA vi^ ^ 

Jli JjL* 01 . «;l^iLj (y'-J' J^0» ajL JjL» ^yl Ji^ . OJ-J. *^j Lj^f-y 4 OlS^ 

JjU JJ vjT ^ 4 <,£/>11 (^ill jU»l j ^ ‘ fr'-Ai jU»l J 

1 1 *>Ml yi 4 j^*^ -bJLsJl Jl jJa-JaL* > : Jjit 


1 M 



j* . \_^ji ^ Jojic-i *jy/ 0 \j/A\ 0\ j^j \i\ 

A»wo «\iafr\ ^6- J !'•'“' oW £& SJaJ^T OW/ ^OJW 0\ j-^c—A.N 

OV/ 4Jaj/\ ftifc j* Va J> oV ^ ii'u» ^ .^/ \J^ «Vj4^ j* ^/^ 

U4.X* 

O * * * ' « 

. Z ^jJl L y* Oj L*^ L_*j jAj ’*Jjy jl Ol)^]a_Ji jl *Ai* j-Oj . Cjlfr^y iiUft . ( J^-I 

O*/ j i_»yu V ^yij . -uL^ Li^- lij jcvlaP *</ l ^J~aj OyyS' <_£-iJI 4 Z 

V ^L i^n JI oOA jl <_-.A * ^Ai^kJI d-i_A j^^J jl L _ -£ 1 

OjLi*J ySJu jtf* IJuAj — A^^Jl Ajjia-Jl L j- r > Z ^wJ-l (j^* __4 ji^JjJ! 4jjJaJl 

tA—jo |>.\ j..^ Uj-lAj Z , 4 A.m .jali 4 jjjJI tfyiJlj 4^*jgJL >-^j ^ i3^iajNl 

. <JLiiJU pJjJL^JI 4^i|jjlj 4 j.,* J?^Svj I —A-_-L-*b/l j£j JL>-/I '-C"^>- 

*■ **j^. 4^ (J* &4a 0^3 0\ i ^>^\ J* ^a 

. 4^~0 Oj.Aj oli -3 * *4/ ^ l~U* 

Silil ^ ^y — ij ~. - < SiL» 3y>-y * { j^i t* t *ijy^ 4jjJa-Jl j^i iJ 1 ^~Ji 

. Aj A^p[>- 3L>~ ^jJl I-La ^P_LU~j -lij . 

^ SoT> oWjJ VI Jyl o' s->-' t £j\ <j cJV' J oi 

1—jjJj j_jjfcT jJ^I Z J W lIjI— A-jjjajj al—L^-l 4 ^-iJl 

C 

. 1 ^ a : a-£j ASyy* \ij\tyj jl_w 2 X^L> ^L«l l>jJ js^j . C.Rubbia 

^\ji\ ja j d0\yr ja ^>\ o£\ ^ 

juas^-V sliii 0\ vlii y Jjt JA 

jl ^t^AOil aJIaJJI l!>ja Jl ^Jyl 3 LAbu 4.1 Li j_/*V 4->«_^J ^>y>-^ Vf 

o-La jLj y*j . Uilp (j LoJ\ j\p\jj}\ <^>j!l^\ jl Ajli ^^AJl ^ll«Jl lj> 

. (Jljil ^l-*-ll ci lOjyAi^ ey 2 ^ l^-UI aJL^> ^p 

U\fr l^^VtoyO^ Q\<. v .y\ J4" ^yri iA t js^a. <■ j 

<? Jb*\\> 4 ^ (. 4 ^ /■'i'' *.... A V *—4i <-^i\ 

^Ibjl j^5\X^-> l-C .., <^4 . 1 H j -ii 1 Jo-^ jl Juftlpl N} 4 jJ-li jr^l 



V-iS o\ \jjt jt- j^i\ ^\ji\ ^ \i\ cAi «x2A 

Oj$u S± iijii\ aA> ^ j^iN ^,\ji\ j* O'S' Y&\ u3yu^i J3 S^Ki> ij-A 

^ * w *** ^ ^ 0\ 

L^N^juL/* jvP *Vl ^ Aj .ili I 4 j>u»-..l M *_lJJj ^jA t.— ^ A. ^ 1 vjl 

jy5Ul ^il*li 0^ OjAail . ij^nJl aJlJj *LI ^JiJl ^ya->/aJ (^J 4—^" V"i — 

/ 

aJlA Jj> ■ ‘ Jl -' ,<? ^"~^ AjIjW AjL^y-wJ^J 4 (( )) A-i^>«-JuLl A>* /a> fc^Jt Aj&jj^S^ 

. ^li ^l*jl tLtaJ-i ^jA £ £A ^pLalJ V l^iN c 4 j*-JL* iolil A>w-Jl ^ 

^il*ji ^j-Ji I jj!s ^yPjHU ^jjl 0-Up-jJl il- .-.J AjjjLaJl Aj^J jJl Ob^iaJl si)^ ^ L^'“ > 

■ JL/^ 4_i^' 

*ii\ii\ j^3^i\ Cj^. *A^p ^ 
t fljJw? 4 ;<*->*>■ ^jllajl Ld^ <1M ^j* ^L^ail a-b& . lc^ 

* i 

. C. la «-^ A>-Lal>l 

. ajIj ji i _>-ij . y>-' ( j*i>*-i< ®A* aj iiry ^[jaI Oj 

<Ji€ \£^ Vji jA^V 0\ Oji A Aji . ^\ji\ ij^ai *^y ^\\ ^T\jAN y\,\ Ajci 

A?^y_ \-9Cft 0 )£a (,\^Ai^Ai- OA^Nj \i\ t\iJoA\ oH c\^\^-\ \a^\ 

jt^aA ,^e l ^6< \Sj^ 0\Jf- 

! 4iLi l-^zja . v |^J L_—1 ^ il - J Aj^i'? lii Aj Ju^- JL>“ J 

\Uj&\ ONw*\^A\ >w»^A 3 \^ji 

LilSvJil jJ AijliJl <uyji\ Aj^JiJl ApLaJ , Jjli^ UL«Jl oL-^joI <j\ ! N 

ly^pL-w? wL)y 1 >_Llp Ajjjcui)^ jyy^ * ^5^) '^- >- ^ a-jISL* Aji^-J ‘ ^L-ul 
>. — liTjj . A. ^ . — J^ AaJ^ 5 0^^ 4 4_ol^l^j3'i 

, *^3 Li*Jl oLv-^-Ul t*l 4 6-Ia ^Ji,4 f.l^*-l 

iiuiai\ ^\> ^ ^^_Aju^ y\ JPj^b ij^oi C\ioi-\ ^ \ijb ^ ^-AN 

o\ aamVA\ A JPjji^N ^-A\ S ^^aA\ N^jigk ^Jjci ^o* 



•— . Uj U ^yj-bj 01 -blpl OU* UU . {^yr** *✓* ll jUallU l^Jl U^jsu lij A]-a. .Uli 0| 

a1_1j bUbb- <jl -ij-b> jtS^ ^ ? jJJi i _y* L-~ol Jb 'rj* <jl . t^L*; -b »-\jj -b-lj 

^ t t t. 

Ja_Ji jl-bu ^Lil ^JS ^i* . i-i^h <_£ybl :>Uul ajuJ J 1 phase transition aj,^U 

. 4&o .i-bll l-Lk jyA^J a-b »__>-jX 

^ ijt>W ^ Ijbi bV ^jr>r..i.j y» 

^uT iiLilj . Polyakov iJs^S'U^ c—J' )f 4 L 4 -U—-0 ^r. */2> U-A . ^.ju 

->LiI>-^/ Jbj^S- .)JbJl *_)l . A^L—>1 <J \jAj>~ d^JlPj ^j-Uj A^Jaljl 

t c * 

< jjA^-\ &JlA . aUi^I cJblU^I^ jI jl>-I t y ^JjVI ^^ 2 1 > 1 - 11 $ 4 o*li^_bi-Jl 

^Ji£ 4_JL>-U ^Ul>IS^ £j J&ZZA (_£ybNl Al—J i UI 4 ^UjI AajjI (S-5 b> ^>i_o U)l ^j-^l 

£ ^ ^ * £ 
aJJLJI d-LA (. Lll ^_j sjl^La^Jl ^y-~J A^jjyi ^UNl w>U Qjj-,sa ll A-U> . 4jjl 4-jU^S^ w>U>*_4 

. A^j^iaJl 

Vijj4\ *\aJi\ «sita u» j* (S* b\ b\£*tt 4 ^* ^ 

(( b|» Jy' . j^>~b-Jl Ob Aj^Jajjl ^ 1 ^ */Qj j£- llajal-«l UI —Aj^Lp Ajj bb^>Uj Ijll 
. Aj ^JU-IU IJl» ^y^si . -bj JL>-I Oji-> ( Jj*-Aj ^ ■ 1 4 -13;\:».U:.U 

* •^i-p \aa y* iiVii aAap W>\ y\ iW \jLi- j» b\ i^\L 

. *jyjb\ dj^U :'l Aj j. p i ^ ^Ibj' 'JlA» dw > Ujkj , 'Ia 

^y. b\*ji\ o\jj*™p 1 y\^«s3 iWi\ i ap j^a o\jj»l^ ii\ Ai*a y» 

■ jP jLc; jl ^ Lf-L; Jp jl^J' oI^wj jl _uip' . yg" 

liUJl vyJ-t j o b _ j'-ul' '-i* J j—■' Teichmuller ^J^l; jl y^Uill 

. vliJ' 

• ^ b\4\ \j* 

Vi • 4 >-b ,J) i / XjL)\ iUJV' Jy» - -.- ^ * la *A OJ . L_i^>- ^J 

<u-^i' ^*' • aj 4* iS'' ^ —Ali j (J-b -li) Jb_l' ^ - 

Ji^jN <u4' »j-*J . ^rla-J' (J (Jp' oLlb- >_.Ua.:~>t iyJp' iJL~* 

<■ ^ * 

. UwJ Ijll 4 ^UJl \j±£ I^AP 



jO$J\ tJ* a^\j> J\ gjo-,,.1 y 

oL.J-l JjU' ^J^Ji i-L a o^ljlj^jj . o^j 01 ilLSiJi ^^1 «o^ia-Ji o[ 

^i)l ... 3 jl 2 jl 1 (_£jU-J ^JiliiT 01 ®-La^ . LOL^OJl 

<w~^ oOji ol sjy- (j ^ 4jyw^ c0 y\y ^JjLL^ aIiSLSI L^jlp 2 j 1 l^-—- 

L-i . 4—*jjjjjj 4-JLfT^ l ^10 £.L_a} ci>l ^ lLL>*)Lj aO^T' \_ilw.4^1 ^jLv-j t *—O^^-* Ol 

^jA o^^ - * Ol c,-... c — ^1 —~l^-..■ — g (<^1 L « ~~4 -1 

2 2 ^ 

. uijU^j LLT 


N yy u ^ OUy*^ oNjJiu apL^ ^yA&. ^p\j^ O^K^wna 'SA 

« o* /' 

(^^ll . Jx£* ol!•;■■■■ " iw.....-; aljJ^- l^J . ijjJaJI aJLfc (J (_iys^]| Sj^aII 

. 1 —jajl ijL>y A^plajJl a-La jl ^a Jj- i.^». N 

*■'£ i >.> <A\ ii\ioi\ ^ "4 Aaa AjjJj *2 Aa- ld\ \ijia V ‘k_ T »ji*i \^ \i» j^sii o\ ^Y>* ^ 

^K^J. & ^ ^\fj\ 0 

. (JpVI J\_Jl Oli oL~ jLI 4£yaJ? \)y~0 yjp* • Zj** f —*- lol . "iS 

. L~ IfrJLS' jl- l^j 


AA\ i\*ji\ y\ A\ ^ ajA^o »o. \ ajji^\ o\iAi-\ 4 Aa o\j (^yA\ ^~aj ^a 

s ^fiH\ a\»$i' 4 ^ V& <. »\y 


jluNl tl^iil <Lil5\>l £> t inJVl i_>l5v>^l jl*Nl (j Aj 0[ . wiAJ^ jN ( N 

. U*0jJ1 ^J! 

e 

^ 0 “ ^ ite-* oVi ^j-> 0\ ^A\ ^ y 

'-r‘j^~ ij ®/OL. lyjlp J_j—I N Oj-l-iJj t 0Jj*>lj «-bf kJ, jjA U> jl 

• JJ^ L ' [ 

. \-»i\^ ^ . <Xi^ ^a,_. .3^ \ .<i y..^\ \'i\ \i^i 

• 14 ^^-! ^ 1 ^*" ^>" I Z ^ oLjj 1^1 c l L-ajI^ 0}^—^ . ^1 

l> (< 

. 1—L«j^ ^Jl!j jjSw^ 


> *ir 



AjJoAS t A£ «L>J»- Vj\ . i^i\ j 

Vki t Aiyup oVi 4jj«ii\ ^ ~a\,»A\ slA>\—A-\ ii\ cAi «Aii >Xfu \i\-*4 <. 

'^£-\ *j\t> j|\ Ji^Vi N^t A oii ^ t o\s>py \^\a*P} Ja^V ^y* S iiJct y*ii\ 

11 

ji L 0^-i* 4 j^U t ^jyj c)l ^-*-J . <JLii]l I 4 j^Je2J JL^- . L*j1j Ij i-LA 

* 4*1 

oUL~>~ AjU J^iii U^JaOl c ^ j>-1 Aj^Joj 

4 

. 4*JU oJ^ Lp> oULJ-l uV c oo 4-i^-N 

}£\ ijj9~ 0^1 lijVy ^\ ViW s (Jiyi 0\ vf- y 

.Ste* 

J^LiJl 5JL*Lrf» Aj^jij l— jl J'l/ Jy 4 4 ■ .i .< 4j_^i> l^j UjjJ 

. 4—i*l/l ia^ ^L> ly- j la:;; 'l/ l-U ^Jpj . bo* jUjI oli 4 LApI/IS'" 4 *LM Ja^i 

^j-4...^ ^P olOl^zii u...*.; L|^>-l ^ 1 ..,^>0 UI 4-JUI ijjiaJi ^y 

. >\x£' — ZSjPry 4 » oU^JaJl d-AA JW {j^j. 

\Jj ia\» ^y&\ b\£>iV 0\ .A-j-Aii» ^jAsr 0 V 5 b\ ^ 

OMaV\ '<Af ij| b\ ^A\ ,y j*jt>*^\ tNjkJi (\,\ \iAfr SaV) oJcANj 

. v*^ oU jA i^UiS vUA 

4 * „ 

dUjL)b i—'j^ cr^ - ' _C.Zccman 0 U 3 ^ \y^y jlSJ 

4 «< • 

. \ ^...^U^l JUi . <*a*J^I ^j\j yS aiJI^j . cl^l».«,f?UjJJ 

Jat-J _^i 4l^" jA-i li Jl» y*\ L»t . Uja- J-U Jat-j _^i ^Lal' Jl j Wj Oaij lij 

t 

■V jrtr\\ kAj\^4 y> jA Ja'i A.» !l . »V\ jA iKoi jJui, 

. 

(Jlj -LaI , j t aJaaJI d^A £*>^\U (iUI jj j» n * UI 

^>-1 -Aju c 0 LU 5 U^il 4^1o jl L^LiJI L* l)^ 5yj oli R es Jost c. «^r 

jjij jJb o^l L*l . jj^JU ajN^Uu* ^Uc oU^JI Uta*A^Nl _^a l |*-^Jl cLlUl^w* 

I—homotopy L^^yll t iy-S /1 oly-Jl ^ 4 L^Ijj 1 JU-I 

0 L 0 U) —A^a^ill o^L^il^ oLfj £j]a+Mj jU_ oI^IOj ^ cohoinology 



j! hjjai iljjl ol—Lui j»jt C-ol-ijl L«_LSj . tl^jiJl jjaj *)« ■* !■ 

. cbjjiJI j_y*l 

. J.Strathdee ^JjI j^>- * (J (^ t —4-Lt-L^-l ■ ~ ^ 

'. JUi . V i <JLi^-\ oLj»Ljl_l^.«Jjci jl LJp ^jJI oLj»I^Jl ^ k_-»ut;l 

4-jL^- (J ( B.RllSSCll JLjI^JjJ ^ ^ l. > ,Q 1 l^il i l. XT a ' Vl 

. 4pI*JLj ^j»l JL* i t^L* ‘ t yji> jjp jl y> i Ujdl 

: J^&l »—Nl • L.Caroll Jjjl^ ^ 5.L ; ./»i i-^-Lll «Ji^-j 

^1L ">l—»ly^» -L* : ,_5 -ja 1I Jl* 

<j**b 

(j'lrJI Jj—* fj-s-M J—Ijl-* 

S-/»-Jj jJ-Jj 

i ^ j» * U_* c£,— > M—»' 

■ L ■ -, 4 ~ Ij (j 



^UjJI Jp »_jLjJI j^p j c~£" -L* 
j^l ^i^l 

t c 

il*>X- j-Ja_)l jl^l—<1 



^ 1« 




8 




I * t 'l 

‘ -^L» i«*U- ^ iL-.l Sheldon Glashow jjJdi 

• • e 

Jlj^ 4 pU-.-^l f-bj-i <jJ iu J* ^ Iw*Ia L*i j}*v| ^ ^ ^ 

Sjill 4fl.<./all ly\\ J ^->-y a..^l.«Nl (3"t^ S^JW" 

^L-JLiJl 4 c jjJ> = *^a] l jJp i SjtfUJl jU^/l j -i^Ap jj . ^ -k-JJ 

. ^ (JjLiH y^>\ jL«^jl j)aij 1 4 jIj Jj-ay 4 

y tVj^&V iA j» iO* 'O Jieau o€ \fi j^icVu \jA iA ^ y 

i\fr i\kc.*i\ \ih iAj i. y ie\ii\ y *i\ jja& JjS ^ ;A j ,\^jVy 

1 jt> j*U\ JoaA S <&jr\ iy ^g...^ y- y^4 

^\isu*\ \-4iV \jjk iA Aiaa ^ ^ t, y ^ jy.il »jpAi Jojoj 

yj jkjt C L LjJlli ■ j |p 4 t|. — a a\j j »d, i l tjl C ■ii ^ 'ljij ( »i t^ t 

J.yaji lijjl ^]e> . *ii^ll Solil cbjj ^ .. - -j L»-* oliLil£"'}/l l-lar jwy 

tl.Jjil lytl; 0) ■ frlj_^yiJI ( j* *i j-A'-*h iJji/l qI«j...tLI 

* * # 

Jj* t iiU ^ 'j • Ltei^' £* l Jat iyij> { ^f-yi>y‘ J* il>-j» j^sU -1 

jil*Jl _Sjycvail iJUJl OlillaJl ^llp —(^^aM pJl*Jl ijjlaj ly 

ol «,...4-1 cLj^J^ |vIp ^ju SJjJjLI aAa-^)l a-L^J . 4JL«al^ c l_jajl 

* * s * " 4 

(jwbj-i3l LJL ^ Jaj c^jJl l^- ^iil —4j 

^Jfli iA <- ^ 'if&i «.Uo- ^oa-i Ji\i^ 4 ^ ^ C&) 


nv 




^ — O V » L .\£$\ S X.*,fl\ \ A» v Va\\ ^ 

^i\> 

i ijj.^»'.«ll 4j« M..i-I (jjiil ii.tr ijjiai \_y^ ^ j*^l ( _5 1> " ^1 

^ysyi^ .-'U /ia IfUp LdLo>- ^Jl i^jiJl^ . iJliiJI jjJj iyjJl (_£jjLll 

? la. Ja'L l!jI«. ; .-4~' ( JsT t,_-i CJtT 4 4 liL*ii . ^ Ifjij 

c ijLiJl Ijjk ij^iaj Ayp ^P jjTj -li^ . iSliiil ^ ./>'> i^iaj o'i/l ^1>- LjjJ 

t ii^jJ-l iyjJl Cj**° Oji»*< i Oj jjjfi Jjiy . i-L>- iJjl C^l-b L-*i>- 

4 

aJLa^II J <UaJl -«.iJ L-*lp ^JLp L^l ^ y» ./I >^ 5A>-^* 

■ ij^.I j^ 

.\_is- fcjbi jftyr j* iiySVi ^ 

^ja ,1)1 a~U>Lj cii ‘ iri) Jj4! If ‘ l^;-^ 

V 1 ' ^ Ja-i>- jt-jt-lJ . ijjiij (pfz-'J (►rl 

OljlANl c-<.,fli iJjJbil ^ O-jtT lij L^J I^JyL jl ^l>- ' 'j*;^r...j ^jj ^J* 

. i^i±iii o ■ 1 .i<i>" ^sJl a^LJI 

** 'w—-! (. viXt\} ^ (. 

4 . t c 

L^L i^tru^ c iJliiit J Aj^J dj ^JJVi d^UJ jJ l)L Ojy*-i*J 

.4 . * . 4 _ 

c ^)L*a . *-/ aj . oL-iJl IJL> ^ 

' ^ 4 4 — 

0^-^ O ■ > (^ > " ^Laip-^J oVi 

^^,1 J Ijbj i AjL>- ^ (jy^ill jjji-JI ^ C |*i^ (,\jj ye { jAl.'i,' l j\ Oi jS3c Jl 

. viii (J i$ C-?A>- ^i)I ^11 oljj^iTll L»Lc ' ^.t;. 

’■ jt j» . ■ * > i^\ i ^ A.-fl ’ .» o\j oVi \j*p\£- ^ oXi 

X*q2h \$\t& . OjjS&\ theologists alchimists 

^ J>* (*r^ 4 JjA-i 

^“^"J V"^ • V^ - 1 ‘ ,a f ( tiifrj ijjiaJl iJlj->-y a~a> ^ ^ ■ ^«-. . ^_5L*J| 

fr Lr^ bjy • “AT pij-ill ^iU- I—ALrf^jl ^ L>-y>j i^i* 

«-i* ^ ^L’ OjJjbi |jljj tiJJjjj 41^1 j fUij i^Jl ii^Lil oJLa Ji. oLlN ijyi ij| 


\ “l A 



» ) * 1 * 

Ljljajjl (j t^/ 2 -*- 1 . L^" cj *Ajj->«-Jl iJlp 4. ^ . / ?\j ^\ t ‘jA 4^>-\lil 

. 4_«>-LJ\ 4 4*>-Ul ^jA 

A*..Vl\\ ^y\ £ ^\£ CAj^dj fc\£\j o\ C*i\i \ij& ^i 

t t s* ^ * 

. t\j>r\ oN--i\ Jpyu Aji v K*i t\>j^\ ^js—» \a^- AjJjj5i^\ 

. illjjl Ljjl j |»i*Jl fJuk La^a-JI Ojjil ^j^aN Ol iSj 1 ^-■•■^ iAj^UJly t l»-*j 

0 £ M 

JjjLiJl ^cu*s.U -LaLJLj ^ l jj' ( 1 )^ ^ >_J^U 4 AJLJ&- 4 'l Jj*> jlSj 

i&yL I ss* j* cL^-JIj 4 \ ‘ o £ ^lp 4 ^JJl JJUl supernova 

! ^ u-'j J* J* Ui)^ 1 

^ » i> O'C 'W^jA (. 0 \jjai\ &Aja 4 ii\ .<a\\ j* ijA^ L ' ^ j 

**. ftji\«A 4 4 *^ 0 \ l j£> c . *!& j* 4 *^ O''i\io 4 \A$r Aa\j& t\jji jA 

j^JLLj ^ L^iLi-^’l <_-£ AaIa lJjL » ; . ~>- N <Jl <SjL (j* I-la ,_pJ . i^j -0 ^ 

ftlJL-.ll ftJLa jl ^PJU Li j>~\ iljlijJaj iil-JAj . >- ftl-ij iiljA j[ i Ljlillajl 

c CjH_y^ N l>lj . I^aI 1 t*5-ij-L>- ftl—^f\j .-j 

• 4 

Ojj-oNj i j>-jil olillaJI £• aL^ ftly«-J Ojj*-lp |*-r^ oj.Lit v o Ol t_»£ U N 

M j £ 

t AJjJaJl ilN i Jl>- JT jJp -li IJl» . ijby j* jl »r*>* «IJL-Ji ftJu» OjIS^ tij 

. C-jl£" L»^* ^pfti -Li t (_ .«Ll» ( J^-to Oj_ji> I 

i\ ^ ^ ^ ^ t Al* l ^*4 «.^* 4 ^ ’J 9 " 

viiij «.siJj'^. 4 ^y k= -^'' <• 4 a '^'' 

. *iiu\ o^\ 

ftLrfftll ■ l-Aj-L-< l«i> lij 4 y* ftiJUj 

< • 

^ ft-jljol Jjp ijSt- . £jJl ^s>- m>- iJl P<LJ 1 jjy,<T.«II JJil ♦...-^1 £^jr*J iili» (jo 

jjJ IA Hij . C- ? .j liAltA; aJL^” l^<—i . iJUill fj>y Aj^l i ^ Lj-^r 

. *i( Jij L. I 

^j 'ljJC- OjA\^ vl^ \_*\£ *w^\j«i,\ Ja^\ A^prj <L>cj o\ Vj 4 « •j»-!.-» oV—o\ 

o\i?: ^\SJoi\ \i* o\j 4y*i 

0 \ 'i'' . \ Va ,\k O^j Ci^ jA 'iJo Olw^l tVijA v4 iji^V <-^j»r\ 4\ 

Oyuu-ji jjVi\ o\ Aj\Ji ja \-LAt i jP * 1 a£ Aj^aj l\ii jPya^-. \_iJj ^\ja 



'k «\^i\ &Afc ^P 

^p! olilU u^IaJJI ijjjjau (j! 4-ojLaJl ajjj^\ 4j^ja0l jL^jI ^Uai-^l I 0 J 4 ^_*j 

1 —oai* 0 ^* , I 4j>-1j^ lol ^P iSli . l^jC JulJj I^PjJj ^ CAlilb i 

J-Lj ^ IUa ^ O-J ,)AP IpAJL ^lll 4j>J-l . (_^ly f-4*-* 

4i5"Li» ^P C Ol C'J^* £-Uj j>^0 {J* OU 4 l> Lpjj {^Sjjf- J^-Au 4 i^yCSJLA AjAjJI 

Sy * O^ L aA j U» 4-1 ii^P V IUa 0/^^ * 0lU^*Jl tULi* ^p ^J-*j».11 l)1 

3jjoJl ^_a ^2\-*il I-Ia -Ujll \jji jl Oj-^jjj jjwjyxJl Lif-li^-^l 0|. olilU. ^jjj 

. lyy ybft OtSj 4 tUyaJl ij ^iapLjaJ! 

u*i 

^iUJI Uily ^IIaJI OjJ-i j <xj_a)I S^IaJI <jl -LoipI . ^>*0l jyj Ol ijl 

^^-ojl AjSjL* ^P ^^pNU 4..♦■^■»^ 4 -1 £.UyiJl ^ ci^ Uij^ ^ 4 *ajI> 

. 0 A>-J 

^ \ ^ \y\fA \^\jA <w> \> y b ^*\ o\ t 

r’* fc 

O^P\ 4^jJlO ^ 0\ Jo3 ^ . Aju W*i \^AJ£ ^>3 4 ^ jj> 

^Jalil j 4ijl^ll oU Li^fT Nl ^ap ji ^jA • eAiOS^ \yX 

n ^ # 

£^J1 Jjv-jj N 4 ^J-Aa i \jJ jt \ V' 4-Ip l> 4 _^jL*^j 

i # 

. j »i»p o. ^p 4 40.ut>» oiiLi^i i> 

4^1*11 Jj-^1 { j> j^pjJl jLal/Vl 4 JL—w« Cj^" LCj ^^^1 . J^l ^*4l O-J 

■ vj^i ^ <3^“ ^ 

i^Jil^j JuJjv- —* JS^ 01 . SAjAjM olpy^JJ 5Jw»yJ.l 4.0.1 ^-ll O^i Jul! 

oi^l^yil 4 Uji Cfe>~ iOIp^JJ ^jA I^ap ^Ol Ll^J c 4i\^- ^1-* 

* 4 

i L^>w> i-fj —* Oy^j oi~“ ^ tj* <L-j?lil iLL«]l ijJUM J^L>- d-U-C \^ <. 

* 0 — 

{ji oli jjzOl> Jij . Jili Jil oLiJ.1 j> jAp aJILI UjI t ajM> \Sy^ 

i _ * ... s’ * 

i (J jj^iiLij (JAl l-i* (J ‘ - 3 ' 1 -' Jlil *-l>-[) aA^ sL"-'* 

ij>j 4 o Uw4 ~i ^p Ojy^u jiii ^a>Uz> { j>^ii jjy^j * j viiius - " jA$\ 01 Juaipi^ 

■ # -' . t c 

j^Mii 1>1 J^lj * 0^0" OUj^aII Oljj 1 Jjt> ^Pj . jLiPjl ^j^A» ^5-Lo^ll p-k-jaOl U^LpI 



ijs •< ijl -i; ^ iU-U ^y~> L* £»} t ij !_J-*-*^ tl)lLEP 

. UU 
-* 

v V^S’ o^Ur ^ s' -g ^i\ > j>.j>V-\ oNiVi^'^i \A^r a-— j\,\ \_^li\ O-Uyu -Xii 

sijy- jr^" NuNifljji . aU\^A.\ jA ^K-iU U j»: ^ vi^ly—3*1 4i\l\ 

Q\.f> L . »VA ~» !ja ^jji 

A_*i\ j f ^ ^y£&-. jisi Ui - Vjsfti j£\ ^ - ^'i 3A l5^"^ 

H L j~i\ U^jU ^S>y. ^ JWJ-' <\i/^ vi,\ s_J»ij 

aJujJ^ . oL^-^l f.lj^j 31 i -A—«jl 4-^>- jl LjIij 

> J# * 

jjiSy i y&* (S^y^. 3 i J lili . lj^>“ ~C>Ajljla L* 4~jL—:A~\ 

. Liliaj y 3 0 ' U^ . e3U-Js»l d^i^p t ^P 3 

Ai y- r >'L r ^)}\ (■ *_ a\^a ^-PA> Ji 3 \^ 2 ^’ ^ *>_ J ^ aJ l ^.3-' ^.Uj-i <jl y* Cr*^ 

3 L-j j£j <^LJJ J^LajN^ 0 ^-^ <3 i3^ j< ^ 0 ' aJLipI y Uj^ . 3j^ j^r 1 1 ^ 5 ^^ tii-i’ Oj£j ^ 

^pJb 1 jlja: \j> l)| . l-jjliaj^ 4_> l_1%P c Aj^^ aUxjl d*» 1-»«-- 3 -i <— 3^ 4 £ A>*3' 4^J -3. 1 

3 A-j|^4 ' ~ - oc\ -,^? J_i LJlJaj| ol 3 * 3 ^-^^ i-Ltfk 3 ^ ^ J-a t .- j y lf -1 

? 4j>^}jJl dJui> UUaj| ^jA y&\ I 3 ^ ■ ^ ol«—3^ 

j\wi-\ ^\-iA,\ t 3 <* 3\ 

^\Ii\ 

. SJbJO-l oltil y^iJ J.JL-:)I L^l iJLjh . U^TS if JlU UlJ^I . S^r VI 
iJNi <■ 3 L* ^Ajift w 4 ^y-Al t 3 4 

oV-^* J(j 'r* • J—J' O'-V* JjaV' ./itII Oy^** y^P 4 jV 3 jaS^j 

t t t 

JsS^Ul ^ .a^il ^y* 0 ' \f . y^ijp^A} jUajJ^I jjy 0 ' »^-A-^lS' y*j . jUajjV' y* 

<^>J\y~ 5.3^^ dJ^V i jwjwy>T_lll ^yA ASry*^ iJLlA 0_^3^ t aJ^I L>Jjp (. 4 ji 

• S-s 1 (> 

s3ja!^ A>-li . d-b-U-^ o \ . i >: U ^Jjc-wj (^-U\ l£j3~\ 4l^-i~* l]Ut^ 

Ja ? *■** A J^ 1 O^- ! l • • u' S*1 ^ -• ^i 4 L - wi c 4--Jy>t-J' 

Oi^ jjt» J^-*i ^ 'ti' J^-*i ^ J*Af- 1 • * {j* }£I jWiJ <3iy* 

Ui>- <y^i ? l»t^* <-LS , j>^I ^ sJ^* ■ "^“U- 1 —>_jl-»l x£'\d\j IU» jj . V 



£<* ^Oj ? tjlj^\ 1-1-* (j* \jjjHJ ^yj^t <1)1 il£*jjtdkl — .*. 1J 

j+‘—l <1)1 ,J-*1 t (►*> j* i viil j jt-^/j il)*^l L ji>- i . OVl ^>- Jl y U 

.viUi 

i£yr\\t \^\ jJu» t 4.^ : .,.V-\ 5.\y p ai\ (^ a_^\1\ j^j^\ o\y-A\ ^\ Vi^aj \i\ 

<w£ ^ W ‘V** ^ \Ja j4\ . 6jA\ oV^V 6jjA 

i V» l\il\ jw_i\ ^ i\Jit\ j£> ^6> (^\i\ j* \Jaj» jiii 0\ \-i»- ViAc- 

^1£ cJ6 \'i\ 


(J SJl ; »-^)I iJajjia)l Oli c Li>- OK"” Oli . oL^*«Jl (j j«'...) d)l JUS^Ul; ( J>1 lil 

*^jo J»i\£ |i Ol *S*j\yL* ^ *<* Ol ■) S j) 

kil^j VJ *>li» LuJ ji^Jl JL;»-yJI Ob^Jai» . 4-4*1 Olj^laJI Ol*ijJj Ol<y*J ^ -b.uJl 


.. ; la:«4 i - Ut olJL>-j 4—il^*lj l—iajl Lily .. Ja^Ju jl Oji^LalJl IJlA ( y^J t tl)^Jj_j-Jl 

jt ^ -tirilA J - i.-^il l (^y . oVl LOaji iu>J; jl If^J t magnetics monopoles 
. I_)j»- 4 JIa] 1 olilkll (j V| U d)l N oLul^Jl gJLa cl) 1 _j LiiJ Ol-iJL 4yjaiil gJLa 


(Jyil 1)1 £-jai—»l ) 4 j>-il_11 4 J ..<a^ll Objlaill dAlj d)l (^**i <-•.*l<y-iJl a-i-A <-)lS"" L^J 

t- e- m * * 

c-LJ»! iILa <1)1^ t $Sj^*-jj')I 4 j|^ t 4 jd?l>- ( |^j oli LJ^*- l^*- 4 c.-I*l*o 

. l^il.I 11.1^- ^l^jj L* dj^iS^ 

C f! 

Oj^xil . Ol^yoiJL^* i c OlijOtJl ^j L)LiJl 

I-La IjjjU^JI l> ^ N 1-ji ^jJ 

d\ 1-^ ^1 (Jaj . oU^yJJ ^-*^l oS^j 

(J j^l «.l^>^l A>^>Tjdl 6 -Iaj , 4 |»^Jlj»il ^jA LlL? j^Aj Uj-l) l)^ jJ (J^*i 

. Ol— a_2j l—Jaol ^vjAJ 4,..^o.. t » I I cIjLa^Ij y^l^ 4 ^L^Nl^ lJUaj| 

t " t * • i-^* 

t ^j>-l 4 -^ - ^ _jl Ua>- ^ 0^ 1^} LkP twjjL>i_JI o_Xa 

|5 * * c 

l-b_L>- 1 _ 4 *-LaJ t liii" (J t IJjfcj , liljiAl oLfl^ioyJJ 0^ li| 1"^ 

4 

. *j oU^j-l (J LiAX* 


{ji^ C/^i CoU^* -LjI^Ij 4 l_*Lc ^>-1 l)I-0 
ul dUx> Iu_aj . Ia>- Ia>- -L^li -X>-^j <Jloil l-Lft ^ 5 ^ - o*ijyJajJl jtSi 


^ VT 



* > 4 ^ * 

k \j^>- ^ f liyJaJLJ SL>-Ia> 

i—ijl—a, ji Uj| ti.,1» -Lii ■ '^r yr-iJl JaJlII J>U^TNl c Ji~T c 

*■ ^ t * * , — 

c ^^%£- 1 1 -La 3 d 3 L! I 0 \j Ls£>-^ 3 AJL! . ^A_>o L r* Lo*j L^J c oL>La> 

(y-y^ 1 JbjJ c Ja-a3 Ojy>-Vi jl ^~*jM 3 c £waJ 1 L* ^-Laj 

1 yA^^\ _»L^IS^ AJ3U .^ILaII IJla d^L* O^-^Aj ^j-Ul • a1> 

i I ty^> j-UoJ ol LA jJj ^ill c _—j 1^—^-La ^j* <3 o^ji ^ 

3^ 1 ^ .*«4» lJl^->“ jA? ^^>-1 4-L JZJLA O-La^ t 63lll G-La jSL^ t ,jA jJr (3^ - 4*J^P 

c 3 4j^jA 1 o^LLl o-La c_J^LJLiS^ 1 ^.laXs->> Ji . 

~ c 

• 1 4r 5 " *V-*J ‘ l/ 9 ^ 1 (J* 

Qfr^V>~. *\ &AjsA\ O\oi^\ sj\ ^t-J s 4y»}V&\ jijijiN j\ 0\y-^\ ^\\r;\\j j 

s|ii\ Supercoaductiag AiS\ii\ i_&\^\ Va Super-CoIJider ^\ii\ ^'wu^\ «jy»_j\j> t\y 

\i& o^>-—» ^i\ s_>^\>l^\ i. o\y-^ Vj- 3^. js^-\ ^^4 ^ o\s\ie 

^ si^i\ yf. ^i\ vUh\ ^\ vUh\ ^fc\* «Ultffov 

Jjl^- ol 4_l—j L* L* 'h..ji\'li i_$j-!J Lil oL>-Lili j*\ (j L_-,yj»il 

jj£^ c 3 Jjs^dl oL^ll (_5 ^ £v^' ^ ^ .U'^. 

oU^y^JI ,ju ^vjAi^ , ^JpI iiU? (j t ui^r* | j)sL>J^ La 1^1 <_ r ^l>»i)l ^/jl 

(_5 ^iJl ; 3 IjIa ^ c L^j 13^l*Jail 

'’" v ’. ' ' _ ”, _ . 

£tyj i l_*^f- t (_^"J • jfc—< iills (_3 « S ^ it* f LAJJ ^Jpl OLilla (j 1 0^—< 

( J^LLJI 44 J 3 —• Ja->oj t ( __ r ~S”L jsJuI aL^Nlj 3 sl ^ . oL^^j ^Jw2j L)1 

aJ^Lju aJjLi 3^r -^iL^fc 4^-Uibj . ^ Js^aJl - 4 ~^ c-L^j djLLijdI ^-Lp^^u j jh~* 

^La^j ^_ 4 U^~3 ■ ^3lil i,\jyJ ^jy 

. oU-li> 'JA LijJaiij L» c 4 —b AiiS^ Aiib 

5*y ^>\ 4JuVii\ ijJaA\ ^iyu ^ . Viij OyiA W»- 

>i\ii\»\r6i s^ N ^5 

A * t i * - 

4 (_£A-j jf* <Lj LtA-JI ^jA L_pl^il j^a , 03 ^ nA $\y*»\ \^J^a Ujb d3j^xll Aj^l a «li \jj£- 

. e ^ t 

^f. juJcs- <Jj>j^ . jjpl olills ,Jp |< -kJ*3)Lf g.:::.-) IjTj j o lili» j aly LS If 

liijjii j£-io iijjs-ij^^vJI ijlll tii—*lj-^yj53l 4j^)ij jl» : >'l 



Jsj 4 .4 „d.A-1 1) <U ^2«\\ <J^jaj L* 1>I . A 

O L4...%-.> jfr 1 ^ ^L> 4 fiJj-X^- iSy* j-ft -'*' 1 . <*y*j 'V i ^Lo j£ ; _ l>_ 

' f tf 4 £ C 

4- djjl <JjO U (_^>-l p-t^l 4 4 gljnts ^.^w> Lalf ' 1 l/ ^LO-I > Uj t a-b-L>- 

' *. a i . e * 

. fL-i jl o_ia d«,-l^i UUJ 01 (vJa^ 'V . ^ l _y lj *- > . (jlW—' 

oij . momenta oU-Li-HNl Oj^* J VLi J>L>-I Jp obi; Jp ^ U JJ> 

^ af <%- 

4j^ . jli?| (_j l*. 1 - Al ti iiJJuC oUloia^l 4 ^j I *U3l^ ^J-vlj^L-J 

- * . * s * * 

1 1—. <LJW-1 Lni_Jj l cj^- -bj ^54 (* 3^"^ ^4j_L? 4_LJv>- ii>ij3l 

f j. 1 * * t t 

. a—*J J I ^ '-3-1 ^ ■ * 4" 1 1-0* - ■ * 0^34*-- <j 'j 1—JL-^< 4_*p I o i ^ . Ja T. - 1 'V 

diiiS' ^y-iV 4 iAfc ^yA ^--^r *i\ ^ 

4 * 14 3 * ••■"-" ^ <**_>*—j? <ii l.■ »1 01 jS-l> • (_? j^Jaj 

04^4—j > 3*^3 <_/* t3 3^" (3 44^ ^ ja>- 10 Oj . f.iiJl 

Jl ^ 01 <1 3 -^ 3^ (3 ‘ ^ ' <3 -^ L> " ^j^iy^Vl t _yLiJl 

* f . [ 

<3 C-4~*' £ 0*-* OjjjJ <3 -kaJ-1 0] i^.Z ^1 ^ jl W ^ 

jl '■^ 1*1 ^y\_iJl |* 3 ' ./JU ^_j jl 4 LjOjL» 1 - O^ - ” l 3 ^ t 4—3 

. fl3^j-*ll 4>J1 LullJ V t4^*Vl l-L* <L5" 

4^\ oYiv li* O', 3V* *-p > iiUb o\ ^Sji y c : ^ o^. vi\* 3 

j^yi ^ (. lij^» «ju» ^iv a*j» oit ’*&)%£& 1o»j. <. v\ 9 - 

«i\a w-j: W\ ^ ^ ^ |\fi\ 0\ 0 .^'' 4 

OlijJLiJl (J ^«V! ( S-V—*j j;P iX* JJ t • %4^' cU 1 O* ^LJ' 01 

Jjcu-I Oy*-j t Si^jJil AjjJa-Jlj La^— ( Oj^ , -r0^ 4? ifJaii-' 

O^tAj *~^^ 01 Ofcy - <aL w^l^ - C o Jl oJAj j i '-** a i I 

jjj , Ulrj 33^>-y* ^33 ^ 4*b OJJo jl fjj\ Or^H “4? ■ 1^*—^ 

^OOj Jp J—^ Ux~p Ojw- J -lij . 3^^ j ^ '— J “ L ^- 

3 . i Qji 3? 4 i * r ~^ ,jTxj 3 *-3 ^ ^ J^* - 3 ^ ■ X* 

CjB^USvJI jl; Jji' jjJ' '-t*/ 1 -' Olj^JaJl ^y OLjjJiy t j^JVb t£j*-\ 

LJ 3^4? t Ajy^_jy^_p- ^ ^0*V 1 iJAA 3^ jl 4 <i4“^ 3 t lOit^ £-4*^ O/ 4 

. U-Uil 




t, *4\jA\ 0^\^\ ^ 0*u _.. V-V ^\_£j OV^ii s -AW i^,\ i. As^y_ 
i oMi\tc_A\ d sL^xA\ Oyjji'» vL^is *^h* .y.^A . i£yA V2u^&> XA\j^\ o l 'i\^\ 
t. JeW* *JA£\\ j *i\iai\ luaA^oi \^A . ^\ii\ ^\ij\ y>>i X» *JiA\ 
j* ^yi\ ^jd* j-Afr 0\ Aiau \A\»i\ O\i\ioi\ \-^>,'fi jnii ii\ 

Oy^ji\ iii£is *—yii ^ ^oa>\ & 

l) 1 I?"* ^ L ~^ .i Ajii^Jl 4^1 a {£ K — * ^^11 *—-^l^iil 01 . ^15*” 

(_j OyS'ji ^j\~jl)Lll 01 L$ 1 ;-H 1JL&^ , jtS~1 l^l^ - l-ip^ lil J ^— » > i.O Ol *—-jjl^dl dj-fc 

—■ t - * 

. (j'b/l ^*-jc-^ Ijf <jj y^y |» - >w^ l t ^_yjj>j! ^li>oij -W^i ^*->«-*^l jl-$->" 

. 4-^waJl ol^ll ^P ^lll l_-^jL>«-i)I -/3 > —Ajll^il ^jA o*i^ 

\~f_y i ^31 <_-^L>till l 3L^>I ^Lr 3 *"*^ t *^—£~ ^—**Ai jjyJLlajVl ijl L-jajI 

* ‘ * * * . s * s' 

. L &j£ y \_ ‘ij^* l IAj>t La1>^* Oj>^+* <^j'b>i)l aJla y^juj . 1?;.,^Hj 

^\J3tiuV <i\ji\ ONiNiaW Oy\i i^y- 0\ji\&>\ &\ifc 0\ ^ 

* o^j-AN 

ia c-iji y i ’jA OjJLJlJ A^-l^: ll>l *\JLS'\ 

* * * * * * i( 

' -A jjiyi-f- «^i - 1 -®* ■ 

bJJ- Li ly* (Jtil^JI ^ ^yJl lil Oi iv>ry \yL^\ { t 0^' ^>) **J- ^1 

Jj+.gj')l jt c^ lili . diii J*^»j ^ ^Uaj^j ,£ EMI ^fl iS^i t *yy?- 

^\y\ b>-\A Lil JJlzA . Li-ij ^ j^jS\ <~>yj\ (J^- J-V^- ‘ lii^Uj I—>;l^ 

. aU^Vl l-ij*» (j 

jjjjji . sjli uJ i oii^L^aii r u ^ 

<LoLJl] 1 l^pUai%^t t t«i-*i»I^^Jl oU-A *Ajw 4 • J^- 

^j^-^lLaJl ^^*Lj-jiiJ ij^laJl lyiJlj c JuJjUI ^LiJI 

! y ^jA jl ^ o| , 

ifS% m y f^Uail d\ . i£y-\ 3-Ui^ +*>£> ^jNl ^ 

kjl£ ^ y>* y Uj-J *&■+£' i—*>*^i*^l 4 l-^r <3^ j^" ‘- 

> V* 



LiUajyj L-Jy Ju (_jij yb- ijliill ^ '-Vy ■ O* 1 f^i 

^ . ' cc — > i^Ji <_a_£' . Aj)jXa^\ jU^i\ |\,\ JjuI j£i j \ **i\) 4_^A 

* 

* * * , 
^jl>- Jj 4 4iyji\ Olj^JajJl 3 j^L^j ^jJl ^-lalt 1-L^ l-L>- -La*- UI 

■ 3 Ws*^ ^lUJl Jji 31 j>LAyi> <jJ ^-r 1 * ^>1 . Syta 

ij c -UI dJjsJy JlM ^ii^J • gJIa <*—>-lV ^il 3 ^.. ..3l IJUy 

3j>0 £il L* JT A...- i i (3 4 5-X^sll LUajy 

ji (ii — j- 1 ^' o 0 J* u* (Jj-^ s^* 1 Jj*' —L?-bl' Jo)S lij» 

^Lji jjJjl*- 3 ULaxj (Jijj L« £-y . \Jut> 3 ONl ^ 1 >- |p5”" 

OliljaJi ^yA i_..J]a:7 ^yUaJl J*j}^ &\yi>- % ?ks ol y* *V-b 4 aj j)ojS\ 31 SJJl 

. C —£■ £>311 3-^ ^IaJI £> Aiy3 (*^~ t3^i <LJL*JI 

4iu^\ 3 >iii s£ 0\ AfrVi 3^ ^ O^ijfi-iV Vi A \iW-N l**£T)£ 

\^\p ^jr- aAc \£ Aj^\2iX* «. 

* > # *> 

4 L^*yA /t-Ap ' 1 . 4-j^P tijj jyLP>U Ly^ pU^aJl jP -LaJ , LjUj 4 yS' 

* * t- t * t * t 

jlyj\ jU O^yij i yjj]ajS\ ^jli-L^I lL-aC^ L* . a-^..,aJ (S& i L-A*t 

aJIS L« 1-i.A . 4_*^\_iil o4-1 1 .— Il 3 ^Uj-jjJI 3 ^ .■■»> AAjLiJl 

( _ , * p < _ i * 

(J ^rL — 1 <—Aj yjh Ol c)\ -L)l . aJ^>-*^1I 0 j-A 3^-^-j" 3 4^-P)i 

c 

c5A—ij^^il Aj 3 ^i tiJJj 4 _[ 33 ^ Si 3 ^ LjU" ( 3 ^-*^^ oU*^l* 

3 ^ .■■»> ^i 4^1 . (j\ .-^*, j^-i ^\i.->'l <o3l>- 3 ^-U^ 3 ^ 4 Aj^yll Aj^ja :ll L3_p jl»^ju 

. Ub 
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^Lyi <J] ijtu . ^UJl Lj,jiJlS" A^«jf tljjjiil j *—i ^ lAL^J D\rili Otf 

(j <y SjJU- Jlij 4 ij/fay •j -l j*S”Vl ^ ...iil ijjWl ( _ r wA/l 

,_j aaUJI» ^ ^>-1^ t *S^Li j| . (J ( Jp 

. \ “\AA ^lp Jij}! tjy .'j 4 iij jJ-l i_*LOl/l (.[ jj-ill 


^yjc.AS ii A*JhlA\ vVjji^ AjV^ OA iJiji *i\ 10\y-i ^AJ i. ^ 

AwWa ^ vVj-ti'' J» V* ^ 0 \»-\>lA\j _£iu ^ Ai\ Ajep\ . ^jJaAA 

O'aaA i^jA\ Oi\ t\^A . ^jteJMA jA "*AyAA aija ^ i^joi 

^ «\> ji&\ J®**- •^y 4 ^j* 8, j 8, 


,AA J 

otr ju».^ 


i t * t * 

, A—^--^1 0^ OyX& Jt> L^IjI '.", 11LL^ 11 

Aj^JijJ -Iaj t ^±3 (_£ -Ul O yJ u JUj jt-p'* • J*jt ^ J* lI^I «&jjb <__ ■ I,n.i LO U i 

J^Jl 1 !b_..^j j^Lw- $,^i* ul 4 j*-^Jl 

n f 1 < J* f * 

AiP Aj\ (jjjJl l_Jajl ■ Ljd?t>- jK^ 

f, * - ^ t 

. l^Lio ^ .j a iu 1 ^-Ip 0t^ w-*lj-X3i ^ t 

* . *■ * 

Ijj^ jj-jy Lil ^ ^ ,<?•! t L*jji L j>- La^wLL Vj 4 -L«j di ji 

. tiUi l 'j* 

4i\ ^ 6Jk»-y Aa.jViW (A ^^ju OA J^«3 ^ 

. \^>y lt >„■ AiAt ^i ^C' frVl j »> > i.<‘<p\*^ 0^1yftA 


4__i*J jl^JVL jl C-Ji lili . llftj . Sjj f.^. ^\ UUt j Jyj 01 j ,_^M U 

0^ 4 «Lii£ U iJjLil a-La <j ( _ r Jj . Jjl^ jl oJLli 4 l-L>- jyw» Oy^^ 0^ J_lp J 


l vv 



W Jpj . UaJ-1 OL~J i OJ^- ^_Lp 4-*-0>j <_£w\J ^j\-Jj ikM 

^k>- wiJJ-3 j Oj^i 1-kb tj* J^~ l? J?-P 'V} * <_£^ ^ J 

£w? A tr Jai. L j~J d^UJl j Ij-A ^Ll 4 ^kl>- al^l <J £pUI {j* j £t vlJL—aj 0-Lg->-i laj ^L-OJ 

0 JJt 0|* 4 k^sJ (^lp- t ^SvJ ji ^1 t 4jc r skil lL~> tV" ■ U^>- 

Jb ^-jL^ ^ 5 *^ • IJla ^ L_ij^* Ju<M l)I jbjl Vj 4 4j>-yia> Jljj L* 4j\~**il 

jib/ 4 -ouJaJl ^jOyA^-. ^jja'.M I L» jr l-?.;7.w' jl Jj^l .-ui ^jail ( _ s ->- jjt-plb/ Ji 

^*l - * hy -l jjP _}l 4j1 L -"l *W CjJj>-J 4 (_£JUP ■ ^; * «>.J>I 

• -*iji 4 jL~»J£ Aj^ry (J jbj 

V^*V- ^fy V^ 1 ^ Wyf *S^-\ >i& ii\ 

u\ jjctA o\«-j-i.N jys ^ o'Waiv 4^\ v y*fl s i Xr£\ 

i}\ >11» .fl\\ . OUi«iA "^Ay^ *4^*^ l3r^® *4v o^ o'i 4®” 

. iAyS\ u\i>i\ >_.. . . \ *i\ v^A'i o^a\ y c/ ^ O ^ 

s; ifl..Afl\\ ^ 4 \ <- 5 ^ ■& A^ai\ t\tjj&\ o‘\ &jJb >. JisiG 

LlJ- S/jI Jil ^C-i Jj . IjL* Jl ijj^')} <^£>^5' Jl oJL^> 4jJaJl tLyj' j^J JL* 

.■> ^ 3 tj^w .l^r. ^ j V ^ J^jl l ^ju vjl LjL-i ^ L*-llP ■ ^~>~>-N _LaJ _ l_L>-\4 

lpl> ^jiilj ^S- y>J '4 y ^ j iSC^Vi 

aJ-4>j c _l"i^ '-^ > ^' ■ (*-^-^ j*-JaJ^ ^»Ja7....; ^i jjl _ljb>- <i>U7. j£$\ 

Jij >-^ jl j»-^-' j^b • ^"' J ij^ J J7—’ V^b ‘ (J t flJ_)_L>- jlS\3^ 

0^ 1>-Llp IJj>- j/1 -Xi 4 ^tJLj ; bfr^' ' | “^ A ^y* c-k-^^ |^JU \>J_ip ^J^>- ^ u ^' 

__c c - c *= « ►•*_.„ 

. >jlx^ i-Li 01 \—As>- ^ ^ 0“**^ v_5^^ -b ^ \jjb 

■j i^r vb l-TT-^ jf^b ^ ^f- ; 

. Lki-i ^^kJl b fAiil I_La JT 0^ -LazpI i^5^i 

^.4 4-^i v^\\a 

£ 4 CC, >7 £ ^ 

O-L^j 4 '—>"1 'V . 0^>*-^c'V s_i->-l'V • i^cf 4 c£ 0>3 V 1 >—^->-1 V 

0/o jJ 4 D ■ 0^1 i^i ^khJL 0' —■ 4 £ v _^- v 4^1 b ^ > r^ t ~'' ^ Ov^'-n 

c C * 

ji <LL«- 0\T U; t \r~^ v^ *V^* -i^- , o ^ 

0 ^ ■ ./>> 1 a -A '_ C- ^ ^ ^Ssj ^ 1^1-1 4 1_ *.*S? 0^ 0/^^* 1-bk 4 ^ -- W J , i> 4^3J y2 1 

WA 



—>Vi 3 N 4 , 13 'Vt jl^aJl j\j3 aJ^L*»JJ xj^5 "yj t 

. e — £ 

v* A-jbr u)j J (J^t; t Ajajldji AjyjJ' 3 4 '——r^ c£' 'V 4 _^>- ' _y -0 4 d> ' - \ 'y>w'l 

^-XAj . * 3 >-~Jy>T-llI Liy->- 1 _*lx < w bJU^; L>f t ■ !•? >a* j-d_L* ^yj Jv-*j (j>*^Ai o^JuaJI JL*JV 1 

* e 

*JP ^jg-Jl y^ 4 y* <-2y>- V/ ! ^_a>jjp l_L>- Ot^Sl t_Ju<w? £> <^*)A_l>- n j 1 '' 

* * 

. L_ji^55 3 'V I . I— *0 

^ j*A^ ^ji ^ UA ^A w o^-j\ ^ rT . »\\ 

wi-^ ^J-f- ^iSvjV/^ V^-\ 4 d-Jp jl ^JgX-) U5^ ^j. dj-^'b 

<ojj»_^aJl 4»*JL> s^>L-^>UjJ^ 11 —— 31 . ajJ^S\ 3 43y>* 

. >__ ■ .«.^O >_) ^ »- ^ . p i * (*\j j^> ^ \jL> vi) j}]''? | ■ ■■ « O 'V ^ t l-^ L ^-«J 

. Ajb^aiV OftA/'i r^ O* 

* . ( 

_4-U.i otyi £-d? ^P Jj^>-lp j,-» ^JJJjj , ld>- jJJ-i jjSO t j^-L'V ('V i 4 ^ 

C flAP^ ^JwJ l^L ^p -IjwUP ^-^SvJ . j>*-*5\ iw—~-J Jj dV/Lv)^ ~~J 'V 

4a$^A/* * j lZ~v 3Lla jir bC^ . l• > A - > cjj 1 dbb ^p*->»A^\j 3 ) sl)j^is-^iJ AjL j A > - ^S'y 

6*6 f. t 

y* \j±£' ^^P 4 yCA i <jj^ajS\ aJJ± J \j\ . iili jl IJla s^>Jj>- 4 ©pijJi ^\jJVl 

_i3 Ujj^'lJ^> 'V ^|p ^ y^~j • ^vifCj t ^-■■ ■ —.~ *-' 

j\j , ^ Ljut ^jJl aIiT ob O^J 

< 1 >jSvj ji ^___>; ? ^JUj 1 w j—oJla ^bli «lL^JI ^JLLt ^Jjlc 'V ^ili ^iJJj 

4 y>-i . i^LJJJ> j^P ^jia;U 4_>^*1 j 

AaiV L^J-LlC Llil y dj0^ 4 aJLS^ \JJ^ . Aj y>tj}>V> ^Lwd..A."*- «U 1 Juv-^j V 

. iJlji-1 w^L>*-lil _t.iJj'Vy aSj^ y* J*~&\ aI^SsJI 0_X>& 4 bJL>- 

• l£j-^ 'V ? ^r*"'V^ ^*JL-Jl I-La 4 viJJ-i <^JS-_ 

^ ^ t ^ J ^ g 

jl oi^pl C bUajd ^ij ^Jl ^jUjl Jl ycju LiL j^L ^-Lll ^JjJy jl ^_P^ 4 

-j^aJI ^Jpl'V 4 J&*\ y — yj y^Pj k*jj\ y£ iLfjJ dj . jS* wiilb 

a-IiV" y* l—^ aJ3 20 'h p^aJ b ^Lj Oyi^ AiiV" c-jIV" l^li . J^SJL aL^ olb La>Lp 

4 "V^ Objj^5\JiV" 4 OLa^J-) ^bllj i yy>-\ e3bw?) <ol jl 4 d^^SsJ'V^ 

xiJ-b 3 'y—^AJ 'V jw) 4^13 LflO Jp ^aLj ^Ji ,— L^y-Li Uj 4 ^Ijp'Vl o_Lfi> 3 ^ j) ? li> 

3 4 o_3^b <_£^ l-Jb»- d>yj'V ! \ .alK-» y—d (j^l _ 



? «-i-* lili : Jlj—ll IJl& jt- ijl>-Vl Jl $yu t \yt- 

4jJii Jtt*'-^ OI |i A—jyjtJI ^jjlii-1 ^ i-14- fjJl L>jJ jjy 

W-lpl U^-iJ 3)i L 4 .a. 6 j-1 yj>J \_Jfc. . j 1 U y jl L_-^ l bjfc y . VjJ\ _^ j4_7 

. jjtaj c Aylij ^ j- 4 aJ^_*—> yjL>xjl $ l^- 1^\_>*JL*I 

* « * _ 

^ ljj>- -LaI^JUP jJJ j_Lj jil-ipVl ojjfc ^1 j!h-^ L»wUxi . a_Lp- du J^2j 4j\ jNl Jl>jj V j^J 

4j^jyl^ Ob^iaJl jJJLw 1 d.'/a** ^iJJj . Lui Ipi (_Jy V ^iJjl 

■ > 

Ayrj V 4 <. y»\i* J\ A r.. J \^\ ^d\ J# ^\yH\ ft\fc jPyjjJfc- ^ioi\ (^Ai 

J *i\ ^^c3 v i i.'&A»Aj V*ii t-^t £ ^0*1 iA^.i j Vj i. cA^\jJ\ j* Ajiai 

*jjia^ *J:M\ J\iol\ A^-\j %.^S ^ ^ojt vJVi Aju j . \aA^ \Aj\ -‘*^ AA J\y\ 

j* ^j&\ \Afc iA\ AasiG ^ . Vlj» ji j A^iB 'a 1%P ftAfcj i. A\AfiH\ »1* &$£■-} 

4-^r ,^)j> *4 — ^ ^AOi *^4** Aj£a — ^L-Xii\ 

t\^\ tijVa ^ o£* ii\ ^ t **»k Ai\ ^ 

^ ij^ ^4^ *^tr. 

. Jby L• Jjii; jl J jJ-l jJJ _JJ^ JU- Jl^JI IJLa d-^rl jj. 1 

(^jjl (. Jj>-j^ lj_-> j^O -^3 ! fij 5. jl -\^-y}\ 

c c ^ ^ 

. ^j>“! -i\\_LA j^^A _l3 ^j^sj . 4_Jx- j-^y jl jj^-vvyj . 1 >» 4_» jy^S\Jj 

* 

^jjLa» j>JuP jlliAj . ^jA jy»- 4 ^y j|p "^^^1 jy* ^.j ^ 1 f.lpJi'Vlj 

jl Ujpj ! 4J1 ,si* l-g-^ jj5j jl jl l jl Ly i oIjI^n^I j> 

. 4_>-llil ^ y 

&Aa ^y 'iV t\~^& c 0\»u«irN jA *iAu c ^IjiN ^^n.*\ ftj^A vA\^>i VaVa^ 

^laNA*: oW Cj\'a a^J^\ 

. £ £ £ . t 

Oi—S>iH Jl y Aj>«_y y* jl 4 y-l jl fi^>J 4jL-il C,- .^ : l t *^A^* . < W?l_>- 3 )j^2j \ 

L^- 4 jaL>xjJI LaJ_ip ^ja l.„> A]aa> ^1 l^- jl^ jlSoNl ^y* 4j_^jlo {Jj.,/2^-1 aJ\—L l 

^_L>I JlaipI ijl \_j^i> US^ L«JUP —£y ^ <Jli X5i . 

c , * £ C t 

(( ! I C-jS*" jjjl t L* ^ 1 ^ <,5^ t^Jj-4^1 ij 4JL-J»l jl s 

e * c < *“ 

Ot>j>- |» -g I jy»i_LC i j/k^ J^^l J^P jyAjU'y jA j^l j_Zi_/^l I^Z 

> A • 



tjl i>jJ i I ijujl b jbij'Jl y* ii—> £jyb 1 * " ui^* i_jp<alJ' 

4j y**_dlj jlSsjVi Oy^*i£ V ^ lili jl jjJ t -Ai jl l_jlpj 

^^-Jj £JyiJl (j Oj* i" (i-r' ^4 'b*> • t/' «—''—o- '- r - ; —! < fjj-' tj* ^ 

lipiT pt J ji j* 

Jud ^ A—A>-\ 0\ ’iijVii'' ^ j^»\ji\ ^Jam JtASfu 

b£ bli . ,j^«-i\ cAjifc Jca i^AJiN vl.VfltftN CAj\fv^\ -j* ^^iici\j 

cAA^iN *i\~> ^ 0\iJaA aip C-p) ^ JiA 0^ ^o- j* 

- 4iV &> 

b] LaJp ~... «j , <*~JaJl L - jl-bi-f t <j k-^>~^ ^li -~y bi 

iiL* jl __LiiaJtf- jj5*1 -VJj — { j£j , aJ OLjI^^AII ^j_y iljLill *jyj}\ 

< j F JL>lJJ iga* ilL* jl ■ i aT pl Vj » j^-lUJl ^[ jJJ yJk> J^\ l ^:>- 

i y* j i * Lfc JL>-j AjJ}j\ ijjJajJl ,jJJj jl JLalpl . wLjtp^Jl 

y\J& <jU t IJL>- Lac**Ij jL«jVl JL^- jlT iSj * Oi*l^Vl Jf (j Lo^aj jl aJVj 

(j oljl^VJl ^UiJrU „ 4-jl^aJI 4j^lajJi L*IjL>-J jJ jj i objl^VJl t^bi>-V (_£ j>-\ a Jj AP 

A * * 

j^So -iij i ^>lj 1-i® . L-jK - " '_***- t jj L - 

^>-j ^ jl j^Sj^j u-jL-lJI j£" L<jj . < J4^ # iJ^ ^ — jJJ o>j-^ Ij" 

iiti Ljajl C«S^^I U; ^—^>“1 C .- ^ ^ C -. ' S ' ^Jsr^ l) ^iaJ 

. LjI^-a? a^l V jJJi n«-^XJ * Lj^JaJl IAa .iJjL-' 

i^j\j^\ o''» 1 j^-jj NiNj , j\^s£ Ajy>,/i\\ 0 ^ 4 Jji -.\^ 

\J^r \-Ai>r \ . >t .4 l\J^ *4V^ VtJhj 

^rj f"^ L 4 . *-> r I jgjl C aiTl t 

^Itj jl j^j oLJlp^l ^ ^aJL>kJJ <aj ab>j -IjJUj ha.i^Tl Ljj^ oLjl^ fc >Ul ^ 

> i 0 A 

^j~!l£- ^ 4j^Jajii j^SJ jl *Xj i jl . L^j^mjL i 

*iyij U ^ C^>y^ jJbl jA ^‘ill * < j^Jai^-u V 1 j> 1 ' *^l> 

t^l V p-p| . * ^»1 ^ L*-UP ^Lj»Vl jJJj Jy 1 —A^J 

t 'V t_f>^!^ <aw> jjj»Jalv-j ^jJl -lo-jjl ^bL* t <)| -LaJ jjjj-ij c 

, /j>- Oyj^j Ai , bb ^ ^ i^* b Iba Jb . bl ^ 

i^iUi jLi^iv 


^ A\ 



^ (. yfy & h Vu i ^ ^jf- 1t\y^\ »Jaj \jJ&\ ^ 

^ ^&\jji»«p ^jiJi oJ j&A si i&^W iXh is\ i^yu is\ ^s£j . sss\ a^w> oi^ 

. \iA \,\ar \i\ v\^i\^- \Aja^-/ ^ \hy^yP ISs 0\j\^)i\ 

f 

„ L*li .^j «/»•>- l* I-L& . la ; .^iHj 4 ^JU 

Ai\ Jsidu j(SH ^ii-\ Aj^fij 0\4\ i> ^i^ 4iA C.12i‘\ viilij j 

^j\ ^\ ^ & Ajt 0 ' 'w) V }^\i^\ \ s g* ik \jjVl «\ NjA^ 1 \> 

ftifc lu^Ai iu\ ^'UspN ^jfr..»**! Ai\ ^ ^ 0^ £\j** 0\ Jjcri 

<t oUy*i\ 

JUati UJUPj . vV^ J OjLr^Wl ^ Jl—OLV^ V ^ «^jWl 01 lLL^N 

c.j rfC » 4 aJ^jJ-1 Cj^*U*XjcJ 1 Juia j <jl <i)j-3 4 £jLiJl ^*ilj 

wil ^y* <U*J ^ L>0j JuJJS’ . <L5tpl V IaA^J lJ aIi^JI 

l L-~-i ^^JaJ <1)1 ^y>jju ^Jj . 4 I 1 SJI l^A-ij 01 ^ill iij^JaJl il..,~ ; l lLUJ 0} (J^aJj 

Ja 1T .<1^1 S^l_p| f) !_£• LfcjPJb ^_lil -L_pJ^&j) dA_Aj ^ 1-Jjh A> <jj^ 

4 

. £* iiiuj 4 4 l^j 4j^>-V 1 JT ^Jl Aj^laJl ^UaJ «renormalisation 

. OL-sOyt -Ua-*i3 VjAjla 4^gjfl^ oIaII Ijjfc 0l^ li] pJLu N lu^J . lJl>" lLJJ-^ 

4 e t 4 

1-i^ jlf lij <^>-L jl 4j4^iaj Jai ^ i ^ju—Jl oJu» j 4 L^l j* L^ ^ 0J 

4 4 4 4 . 

i-^-^1 j 4_jj LjJ ^-w^j Oj-Up . N^aa. 4 jw * cl lA^ 3 ^ ^ r 1 'V" J^ 3 ' 

kllU < ^ Jx >^I 4-jJ *—^l 4 CjLjI^N L*j^p t (g\ t j Ailslji-1 oNjl*il «jjk 

<ijiaj jjp J-s<a^ liU-bj t L$Jr- j>-\j k{jJ-\ AjlfJ' ^^-»-1 f i \ ^ 1 V ^Ip JWj AJ^i W^Lr^ 3 
^P . L^iyS' £jA ^ ^ d-Lp . ij^llaLI ij^Nl liiL 4 i->yN Jjp 

(Jp 4 t5jiPl iijjJay AjL*^ (_y*J \si£-^t (_^ t oli jt*j 0l ^^«il (j* <1)1 

< Jj i S-bJ j>- ebjj <iJJjl; .1 ..riil V 4 l^ .^aj (_^| oUjI^^JI aJl^oj oNjL>w 

. ^ll <__^j OlfL—>- plj^l t,? AljLttj li ljjJj>- l --|la'-T (_^J>^/L; 

jjSL ji Ljajl t j^il Wi^Jl aJW a-ip (J 

|i lilj . jh>-\ vljj? 1 * 33 ^i? 3 / 33 i/* ^ 3 ^~- 3>3 <J^ ^ 4 a5Lv\^» jjp ijjJi< 1 iL*L)iPj_/^ 3, ^l 

Jwi jlj jU" U /si Jf- (4*^ <1)1 l-^P JV-aj ‘ U-^^i) LjJ 

\jjk ( Jp JjVjJI <lii-f l y£j . ki^* 3 - : J i J> ; ^ 3 ^| 3 jJp Lil>-.5| <_^Jrl^5l 

i£)^ (^JUI 4 1 j (^y*—'i La!» . (/Liil 4_ ». t?l l 




-j t viAJi j****- ^ L/*-/**y i ~' 

. io^nil iij^JaJL) JoL- .11 C—...•.‘T I ■ s><\ oLjI^^ IAj . ^ili^jl 

jjj 4-ijAA ^j^aII £jA lii^J jl -l» ^ . ^e\jJ\ ijjyt4 iJlfiil 

*Jj]cl^\ ^. L» l—£-jj <^LdJ »_ >■> iJJiLJIfi'iiJI tilij jl -li^pl IJ4 . oLJl^'AJlj 

* <J^I l».li£- jS> 

’iiiatV jl ^\io\ ^ *i\ ^y«j ^ *i \—a iA Jp\ji\ VjcJ® ja 

dJL»LjJj_ ; ^J'bjl jl ,_/!/ (Jpj kiJu^lii^J^JI Jl>- ( (^^Uail JJ-I I—. ...; « i jVJ*j 

\ty>- jl i I • jj j* ^:‘ <1 1 t 4-1 p j_^J -IJ.UP c 4i>w» ^-IP <Jp jl 

, » 

<^iJI £lyl £ j £>\^>I ^» O^j £-yJ' ^ L*^*- • ^LL* *ij*i 

1 -Laj . -lj>-_^ll C->-jI ^Jl jl^iVl ^ S-Ly-lj liilj . l$.-i» ipd\ ^ al^l LiLAl 

Oj£jl*i ioLJIjJ^UI t jA ( j*aL»»JI SjjlP jl» Jai j^»l jl ^Jil cJ^pI jl t_—jy • (Jl** 

jy*j£ i_j oUo^Jll» l^jjiSj . IjiJa^ C.:^ t o-o>w> LjIjJ;* (jul^i i—o-lo- < 4^5 

. J-^aJI J Jjl^JaJI t j—O-I 

ja LajIi ^ooly jlS^ c iiJliJI jLjl/l ilJ-lj i^j (J 

t jSll JJ OJU^-I Jii) . 4 —>-j If; -LLpl'il j^Jl — <_s' -V^L uti . 

JJ oUa^l Jli lili . »Jo- l^l j>y f i ijj-^r'^! jj^i-< l^l ‘ OljjJiJI 

■fji 51 

1 ji ja 3Jbjj . *iliei\ ^ o\jV^ ' L -k’ ’*^4y^ *vCiA \ j\ ^«-p 

JA3 . i^^jA JA ii\iii\ lailfllA ji I. 4 —a\-M\ (^yiN 4 a\ <A 

.j» \ jjk o\.i> L .i.V\ «-Vji iA j* "A\SiiN jl jAiN Jo*A ^-ij^ 

0 jyAl 4Afc (A iilSjiN <. 'iiA^ (A <• ijj* ;. ■ “ * . ^ i^jP-AN iA 

^Ji^ll jl ^ 1 a»^ ! $.ljj*iJl jy|^i A^-l l^-il . j^Xi illfiill jl jJ-AC^I jl 

jij tl.j.jll ^iLp ^ ^f- JjoAl 1—1 p jlf lili . Ijo l«-j __>il?»i La» 4 A «. -> iil 3-b-bJI 

,- f ^llnJI ._ j ■ ■ ny (J Liia>-I Jl» j^O ,J»KV I -j A jJj^ll l—jl-A^-l !—■;■» iijAA A-Li—> 
. yjl/l cjLS” La 4 a l^»^Lii ^Jl jjyl^iJI ijUill jjy jl t—-j: IA* ! ^o«->* 

<{ oLw—ir\ vVji '^3>p iA iidu ^ 



¥ bb 

. ouy^\ «iu* 

LDLp^ . OJy^-y* AiLiiii D^ y^ 4i\_ii]l iiI^-L>- ‘, --“ j& 4 y^-i C ijUb . 4^>AJ ^yj t d^i 

, ( ^ 

lf>-h^ Di L*^* yJj t 4jUill <Jp Jy^aJD o>jyJ? uiJJLj , dly b ybJ Aj^Jsl» ^Jp Jy*aJb 
Ayjaj j^J Di aJUjJI ^|p jK*" bjb Aiy^ AJliii aJLJlI} . olJly ^AJl L yi*j y* ^yaJL>ijJLl 

. {_£y>*^i oL^*--mjA“I Li-J ^lil Ayy%^jl A^^yL^ll ^>lylaJI jljp ^P 4 4 ^ A^ 

< * * t * 

Uj>*P O Vi 4 4 IAa ^|p^ . L-(^>aDaj ^11p ^P S™ Di jj^j 

tiJLjl^w* y* A»*J>j L* IJlAj Aj y ^jlil AJ jJljj -L>-1 j Di j JL^yi Di yP 

{_£yili yP y>y>-lp D^-* Di 4—£ bil i^\ . Lbajl aJLaUI ^P y : ]a:j Di i—^ 

. < jjaj\-J ^1 ljJyAJ <JyJ tlN 4 A^JL* AJ^ y** y^J>-ij ApLiAjlj ^wb~i A_Jl-di]i 

<DjJL^ ^ 4 oLjI^^UI cjaJ^iSsj aj ^u Ukboi cbA^- aJIaUI aJ^Lp c£A)j 

jk ->-1 l^l • jy^t 4_*jw? 1 JgLJl c .£■ L^jLa>-N 1^.^.:^ aJLp ySli t L_*Lc 
4 Di i_ -4 6 -La y4^3 aJIaUI ylpi ^ U j} " 

. J^Lill y^ W b Ap 4 oLV^i Ji 

Jf aD ^Jj t!A>- a^4^*J Lc aL^ 3 ob AiU? A r 4y^^]| JaJ-I oLyJaJ <J J ^rji 

4 . j * 

Di aJLa!! 1 . Aj^laJi ^j>-y: _ A^jAjc* C.^i AiliaJl aJbj l ^jUJl 

DJJi -i jp ^Jpj . A jp p*>U“i 4 jU? 4 AilUJl Jl^Di ^y» ^ ^Jpb^J 

*^laj>- jJy Di Aj _Ajljai) Aiil^il aIi^vJI _Djj t*)bDJ Dy^j Di ^-_ ‘a-S* 

^ —^1 ^ ^-^ji JiU AiU^ yp ^U! JUill JiLi^ IJ^.N A^J . LJUS 

. Dy^o tD. 4 i-b- 4 ^jb Dy^j Di 4—^ ^ ^ N 

. JaJ-1 Aj^Jaj ^y* Ajiiyj b bLc ^yy 1 #Cj Di A>-^jJ lJaD Aji ji ! ^-L*u* Aji ^iySi <D^ 

<■ * . < ^ i * j 

Aj -i jl ~C . L. „j* ^ t *. AJAj biL ^y>-y {^^3 • AyySJi Altliji aJ b*o* LjL^-1 aJL-AI oDp ^PAj 

lyuLU aJIaDI ^JpLaJ yp L-t-iij Dy^j -ii _oUl^^UI _ D-lH >_- : -^ Di . aHaDI 

Di j ^LL>- Lil.v Uai-I aIja:» . y A^?l*bi 

^yv 5 A^i ^j y> Ao«/LiU Di L _ - f~- i> Jjl Di L^>i i-^ 4jLb ^JpLLj Di L _ - f-- aJUlIJI 

i djLyjiu ^yv^ by ji - t^b- <_j AiUa.il ^Jpbilj N Di y^-Jaj Lc aJIaUI 

aL^> oii j!D ijljjfc 4 y>-i j\yCjj . jj Ail-U AjI JL>-yN Di 4 ,yyji tL/ _.u 

Aj>jAJ\j 4 AyiajJi i^Udj aXoS> jS f.ijU\j . CjLj\y^>Ui y> Aibi)i aJI ■ - C 



(. OP.V> \a\ OiNi . ^Jk\A\j J^jcS VA^fii \—aA Aa^. 

(. A*s>£ o\£>^\ VjJy^frS Vj\ i. <S&\S ^P aXa\£j» OJ. V> A& (.V* 

i^Ai\ ^P jfc vl»iAi-\ ^i\ &A& ^j . a\£ ^\»\\ ViAj^pN AA iA^A 

vl^3 0\ AJoG ^ ^\jA1 aVi ,,.,» ^ iiuN^j» jA\£ i3~ia3 ,y—_ 

Vilp v_^i t jS^A j^jcj t ^ ’&aV.a» i jtr \^\ ^ iVJk?- \gJ^\ A.»j ^ fl V\ cAjt\£«M*i\ 
^Aft '^\j?-\ ^jirr.Aj 0\ ^ "* 9 rj^ ^N 1 "^\ju. a^ju\* ^Ai iiN \Jte» 

**i\aa\ ^£w»\ 4 

e f .c 

. L ^ jALaj* jS' yk L 4 ^ 01 0-^Ip 4 _+-£, L 4 ^Jjo 1—*-Laj jjj£- j\ _1aj \h -43 

ol J^'^^-J 

AiA*i\ t) ,j*-.i\* kijASJu (.vA\aA,\ \Aa (.i O^aJU jt I. jfo\ &AP o\ 

« jy~B\ M* »\f ii^\* . 

^ C c C 4 * c c 

^ptUk Lj j (3 ^J^ALi Ol-^J^l 1-lA ^ lOl i 1 —> \ . 

h aJl olOl^OW 01)) cJj lj*U . LjL^jiJ ^ $ 1H 4 oJlLlwJ U. 0^1 A^\y^ k aa^>t-i!Ij 
^JliSJ i L-*Lc 1 fU-£ O^^-» Jj Jj~LP (( ^^Jl 1 -Lfc dJ u~Lv- Aj^J 2 j 1 vjl (_ 5 ^ l -> ^,---^ 
^riSs-aJl ^1 tiJjpJ* S^SCail jl |*-^_^ iS^~ ^ o-bA j>- 4j^laj ./a "> 0 ^ 

-Li 4 “^>“ Aj^>cjJl oJjJ^-l AJ j/1 »^l j^J N ui JujJ-1 

I» * . 1 # 

iSjy ^l ->iLJLi ^ L- ^ laj A>w\_iill d-X^ 0 [ * LjL^i i,“. j Jls ^i 

t g. * _ 4 * 4 

Lfl^y>iJil jl l l-X5j \jS' ^jJl Aj^JaJ jlupl ^Jai^alN f) aJL~j4j ^jlj^ i .ia_ 1 » 

o\ -Lipl c>l N 4 ^^ LjLi c—S" Ujup cJU ^ L*li . g ^>-1 

* "~ * e f. ^ - 

4 £t^*_sa)I t^JL .11 -Xr>-I ^1 ^ c.iiji>) ^ . j>~\ L-i*. ^ -L>-i 01 4 ci yyt Ojj^J^l 

01 lLUI-^ t 4 ^ \ ^.»6 \ ^ yy^ w»Ijjj^ 3N1 oi IJlaj . 4 ~. *,b :.0 Oj jj53 

44 4 > 

. 3JL»Jbr Aj^Uj ^...<al Ijua^ LJL^aj L*a1^ 3^>^01 

Olj 4 £\ij\ Ua Oi Jp ^J' £* Ua 

4l?y 4 dJj-lA-l Aw^U-l dj-A li AJ^Jiu ^ 1 ^ j ^-fc-U-La-j , IjlS^ 0 ^ 01 v—OJJ-^ 

Ol wU^l 'y ^ aiMyOJl d_X^ 01 wU^l V U ? 1 7 - a ^ *1 . 0 /; Jj Aj yjaill ^ , , Uj 

«P f ( 

^ ^,lw>- liT^ oO-l-i oN c c- 0 —j'Vi <y~* * ^ aI^-a*^ aj i 

e * s t ^ 

01 -1^-A3 ^jj 4 L>^»^> j^Sa Ol ^ 4,5^ C C 3 ^ 

■ ^ 



^ ^pngmatic Uiiy j* biN 

*£y*$ J* jy*^ _y *i y*l L* Ol ls^ 4 * :+•■ * ' 01 O^ OJjl 4 (►" 

Ol (J yl C-l 5" . jytfCi iiX)A y Jj»j! (_^Ia.UI JjU-I OlV « ijVjJaii iJjU* £* <jk3 Jply 

J,| t 4»*-Ul t C'«LU> IAj Ulil *Vj ^ L. 3:11 3 -La* Ua— iiJI oLijU.1 |T ^* 

„ < < , 

I *ly —L* Jj>- —Lyi OtS” LuyJ 4iS" Ol L?y <. fj>- JJj i ^3*111 j JJ L* 

i^j» ^ 0\ l>> \ v$\^N ^o\ y jjb ^ \j\ 

CAjyu^AN Ci\^ o\y»u ^u Am \^\A»r C.~-j^ 'ViSNiAN ^l^iN ii\ ^ <■ Oj^jNislN 

'ia^ai U*»- Va.ii Oj£«fA ^ AjJl* ia^ciAN t\jjjA\ ^w«a3 ^\»- ^ \ cAi- JA 

^\ \±^\ 0\ ^ \J»- dAAi Jjc«a ^ . ^\jA\ ^ £>\ A»A j» \^pr\y l 'j» £ j--i3 

l ^\ *A\—Js ^»- ^6- t.V4X> it)A\A ?uAJi\ ^»i\ j-p'ufr ^ ^"VkAN ,j-*£- 

^J\ ^ aU-\ 

Jtfjll y . frljjj-iil iSL-j: l-U Lpa . Ip)} iyl 01 jJpj 5^ *L^I iiJi ui, J . Jlj-. 4J] 

jwuiJ ^p 5pli ij j&j ^p 4 <ijLi!l jLjVl Lcjj 4 oIj l)I L1 L>li 

4 <* * * « 

i-—j Ol jJp ^yk^L* t IJaj«- L-O»^ oL-Ls^iJI ( J*L>«i> t Lilj ‘ UjIlpLi>* 

OJj i ^ (3^*^ jIs«JI kliiA Jf Olj 14,» ; 3ll 4.,..~.ll Ja^JaJL 0jj^J*Vl^ 0_^-ll 

. jiljJI IAa lri3 a *' 4 y^Ui* 4 *jUo Liii i^^JaJl 

U-iyi /uji j^ .v-lni 4jj± ji^-uj* jjlj. 1 a Juhjroi.AiriJub j^j 

rT | * ^ ^ 

'V tl 4 J^>- i kllii (Am> Lj»-lj)J t Jj-LwJI 4 - 4 ,-JaJ 

frLjjiJi (jply JA ^Jl i_>yu Uil i ^iji iJI Oyl>* J^" <->j*i f!) LS 5 ^ 4 ®r^^* 

. — « _ «* . 

. y 1 ' (-1^ JS3 t ijA-Jl u-yOa; ^1 4 W* L r* ‘ ^jla: .~il y>j l* 


. 4«Jj l^JULli LlIp <_«./a» —3JL3*> ... *Ll(j (J* 4 


^ 0)\ 4^4VJ\ oW iA\jk 0\ ^ AoiA ^*\yA^ y.. .«.A\ 

LlOSl l yill 4*.i a.-Al (.\jj~ii\ ^jy LjI ■ 'V ».ia |*-j> 01 y^lJaJI 

4«ilS" 14j^-^l -^jyl iAl 4j f^“ 4 olj-iJIj j*^Jt «iOol^j* '-'l • ^t~ c ' 

4maI> 1 ^ I -1 0l 0/^ * 3^t^J Lftj[«..-4J ^4jJflL-»> 'V UI |4-Pj -4^i-l Ly^i^il T' 


(y_^Ll) .J*-»)l 1*>-U iJJjC ^.LC *!0/l ir^-jT jt tSjt J' c-iy (*) 





^ IA& l j£\J t ^ Js-lji JT pJAi ol OL-j\li ! £^lajjl 

l j*£z L»-* Lio AiJj l $>^aj Ljl £j\j}\j $ s\iyJiS\ Jpl^i J ^ ,U.~o (jl ^UJ-LSj 4 \Jl~>- 

4 . * • * 

^ ■ j J gT ... t Li\ ^ IAa 4j jIaJI i_-^j^JaJ^ 3 J t 3 ^ 

l$LL£ ^^P ^>*aj 3 > |j*-^ aJL>-1_\j> Ay^Ll! Ol ^il^Jl^ . 3^ 3“ 1 '^~ 

I» 3 CjbpL* . 5 -LaaU blb ^jA -A^l^ ibbl Ol bfl-lP 1 ! Lilj . l~l— >- 

^P £^Ji 4 -L^p Jjl^- 1 >j . *Xv* I jj& ^J.^a>- Jjj , ^JLaaJ Ol U 4 

. L-AJ Uptf J^J JaI&I ^iJLj ^UJt 1 Jj> £,b iU Jjji V-LNI Jyl^l 

. ^jybl jl SwLpIj 4A> 3 $-^ 4aSsJ 4 ^ 3 a -*~Jl i_3^aj £_b>j 4-..bj 3 3 ^“^ bw^jj 

£j^-i IJlA 3 j^>y\ 3 a_JL* 3 b Jpl^aJl JL*Jl IbA 

kiJJj ^ g i» 01 0 j-> b J->~ jl by>- 3 ^“V bjjb joJJ i <SJr b.. *>■ 4 aj >^1 

3 }bj ^P^Jij obbl ^y^Ui} < 3 ^*^ b_J (Jl^iil j-A 1 -b Ol (Jjil Ol • 4 .tfyU bpl^jaJl 

^p-^Lw^j 33 *^ ^yL-OuLii 4- 0 -bsJi 3^bLi 3 > - 4bj H/^ £j^ 33bi^ ■ o3b 
iS -U fjJi b>Ji! f L^ii ^ A_-L-Sf\ Jyi^i JSO J 4 IS 31 il^Ni ^ . Jj-bl 
J SLA-I oblSsJl 4 ol^Oji 

f- 

■ (J^ 

0 \>^oA,\ j» t JaJ^r ts^v* A\ O^C>Aj V—AiV ^oi\j. 

O.....) <.\^*S' o^A ^ 4.^\ jaju. '&u~> b 

t ^ 

. AAg»^ 3 *•*&$£• 

jP-L b-^< V 4 ^LLI ^s_ . djypVl bb^L* *& </ 

* f. 

3 liJpL—J oAjJ^>- ^Jl?^;.^> S-LijtA ^.waJ \>-Up 0 l ■ 'V -^blP^A] 

* # * 

^jA 31 U-*m £?"^ bjiAP ^P^U^ 1 »- 03jA 4 ^Ai> 4 ^J,labil ^ii . L^LU 1 

jl bl—^^Labil Jpl^i 1 ^iJj L*bAP cJ ^b Ss> 3 ^*b ^>-^* jb' Ib-A . 4_*i^-l 
^ci-j IbAl Ibft jl . a-aU 1 jpI^aJ aJ^JsJI 4 wv ^L«Jkl 3 ^>- ^bb* jtf' | 3 L-» 1 j 4S^b> 

_^il^01 3 j 1^*1 4 AajI^ 433 I-A l_i>- lilAA 4 . J>~ 1 c^l t -bal 4 »*aJJ1 Jp1^> 

i j 3 “^b*-» 4 3-bAP 4.^Jbj (_^>-l 4 _£^La* JaJwail^ ./aIIj ^L^^Jl 
* * * 

01 . {+ ^^ 3^ Jb> Vr-^b^/l j^jy I^aJI 3 c\^£- jd^ 1-^^ ^ip^Nl 

oUjJidl 3^^ LU ^^1 ci^ J^ 3^ Lf>Lb>-l 3 

. 3Jj0aU 


\ AV 



^ (. *L jkilh oi tJuJJ^ tik o\ G^ G_ot\*i \i\^ <. p 

. t£*\i^ ^3 ^jh-ficii V_Aa p ,jj\yi\ tik o\ i& 

. jJD j U pliA N 

\fi\s- ^ jpyait. ^Aia o\ j£j: fea\k\ ^ <.'^» <. 

. \fr.»a~i i_AuiN ^ \i^-y O^Ai \fc i.ki*iA\ 

i_^l^J -1 J_J^ tLjtjTi j_£jC iAp JLl» . jJJ j j_i^iN . 

c NAND gates oIjI^JI Jr* ^ L*ii g-l^il iL-U cJ€ lij ( G-U jJ- . (o[^~»£Jl) 

liJJj e^G l JJJi ui j , -L>- (^) £-waJ L_»> 

. w^-U-l |» 4 aJ Jp/aM 4^1 tOj^UUI Jj centraJ processor ^UifcT < ^Ull 

ijLJULj kllUc L>i l-b^ -A*aM 0U 4 w>Ll^J\ OJUj ^y* £-U*aj jl C-JprJl ®-j-* Jf 01 

-sap 1>-Up l> p 1 *j 0 ^ I e-L^I JL>- tjj • LWl 

J 't** 

^j* AJj*a O! y?* N-ij 4 l—j jj£ -b-l* aL£L ( y* Jrr>* 

Oj£j j\j LJWi ^jLi< ly kk^ l^j <^U-\ <S>U Jk oi Jdi } . jJyb\ J** 

3^2»-^* jsp f i ^ -L>-^J N 

. (^J [ jk GJJ i) . £^1 L^ c/^ 1 ^“■‘l-'Nl 

ki\ JA . Oj5i\ JJ jk ^ki ^ o'f ^ jiN V^\ U\tk-J- 

o\ jo^'i ^ |\»iv ^tjjs ijt£ oi 

^j flki-> ki\ JjdO ^ (, *-a\>- V^Jj Ue^ ^Ai 0 *\ vJl\ . |\ii\ i^NijN *^l£’ ^ 

^kk OV (, vVjji'' ^ A»tu\i ii*A>£ |\iiV 

Oi l \^ l[ {j* ■ 3JUl t ^J 1 ^y>- 4 li (J|^ L* 3^ l-Lsr l-ik 

■•- t c 

C*JW?j 4 j->-1 4 4,?^ * l> ^ 1 w' O! t Lli^i^ li| t tiJJ 

Ia ^_LrJ jl ^Jai^j 4 iiL> iiiJi (jj 4 t La ^^Jl ULa O^ji lLj*>U 

» 4 ^ 

^Jt Lf-k; ^ 1^1 i jlkil jajJIj jioN -? ^jvjl^aJl tji , JLjJLhj li 

0^[>* Oj . JJ^ C —_-l ipj . 4 -r i L^ (^^~' . ^-Xpj 

< Jl C J. ^ 

j 1 ! jjispij ^pj*.<a jL p^J- ^1 Jjjjj N 4 j ^^SoJl O^iU L^> Lr t t ^y*? 

uy[^ L-j-^L5j . j\.+, ‘ lj.^ju—5^ ^ ^iuS" jl ol—L-iil 

<J ~j *OLj i OUjJl j L-J K :\ 3j» 1 . ^JUISLaj 


'i AA 



: jU! t^ J,' jN c j*-^ Jp jil jJai j' J^s yi . j^- 

. ( JUJI 'JU A_iJ j' jJi^C Jaii j5_UP ?cL_iNl 

jja j j' j^5y . ^ailj 4_jLj_jij' pj^N' (j)Jj cl—Uj c jNl^ 

aJ(_i jj> jyli jj^ 1 _ r *^)l Ji*"' "j'-- 4 jl (_£' • ijfj^ Jjj*. (3^^* ij^"! 

JS' J Lr^' cr 4 ‘ JiT*^ • jr^' «-^ <-b^ l^ 0 ’ 

jJJij ((.L_i.Nl (JNUaj' ij-S” u^y^ 3 ^- jr 4 ‘-'b jr-^ J^Aj 

• Oyjy ^ 

^j?-\ ^ a^iVk vVjj-aiS ja\£ o\ 1,5j» <^jiS J.Wheeler jyr ^ jkn*"! Cii\ Oi\ 

ijuSy&S iiyu *»A£. ^ ^ ^yr;^ 

jl ^yjy jK' (^j-i'N tJyiM Ijp ^L*l ^jN 1 j^i) j^^|yij L* j*^-' fj^ 1 *j' *“- 

. «.L^iH (jyb* jj 9 ^-^ CJp' (^®* • jy'y ‘j' f' 4 ^ jyb* 

« # i 

^p L^N pjl Aij^' jl'b* ‘j' (J* j^ 4 4 —^ _rbj ^' J- 4 i&k (J* ^b 

Jp JLaL 4jI ^ i\j i Jaj i_J*jpl Lil . IjiLS^ (_..-_-j » ; ia:.»i N —(.LiNl (.Jj 4_i»S~ 

iJjkj . L_*Lc ^uf IAp (j^ju . J-*K" c..«$» Aj-' 1 jyb* ^ 

p ^ p 

jjl p jJI ^ ( L^l^j» ) J^:^j L*jip ; (jL|>* N LCj t Ljajl <Jjil L* 

i ijl i^U- lijj |il*jl '£j\j ^ jJp ^ 4 ^-*) ^ tj J-*-*i ur^- 

. j_j>LA-I ■ --* jll j jJSSS' c. .»■' (Jli-I t j^ • N^i* <-LjNl <3NUajl 

jt\J\ ^ Vj^e v bH^ lAi^oiS jA \^i j^ai ^ iji\ 5 \»ji^ vi ‘-^ 

j(A \_5 iiS ^ i. ^\#i\ jft ^Sr...» aiyry \^S 

t * 

? LfLiaw ^p fl Upil»- ^ JL-J J> 

? ijib' 4 4 j^>\^-\ ^p |*l^aJ 

* « 

4-1^t oL^yi kJL—w-^L* <4^* <lL-v* iJL-^ jj 

* * * * 

C-*fr IjJ \ —Lo —Lft-1? Ja-—^ c oL^iyjNl 

4 jO^ll ^A*_srf 3 La w../P ^-aSC* 4 . A^v. -zail j|JLpNI OLj^> 



I t- £ t s k * 

t aj^IaJI lJsIa-^I A>*}b aj^\j A>^liJ! 4 <-jLc 

C—C 1A^A>J y^ j^rS-j £-* A-jI_C £A t JL>— 4 4_JljlII 4 >^>t a,s7 11 aIApVI kJL-> Lo^L* Cju^ 

y 4 ALw- 4 j>-\ J> Ap 1 A^>j . jjy^JJ A_A- Aj£ _4j*^j AlP ^_jU^Ill -Jj>- A»*p 

, t . * 

AAP •yjf- jl ^jSs-C * £4 Aj*-!^ 4 —«.di aJI^iII 4->«-^>t. ya)l ^IApVI jJJj 

^-b^- £p 4 A—A'*- ^ Aaj^I £4 aj*>*u ^4 ^jujl £/• Aj>~lj . 4 ^>-1 .iAP 

» # * 

Ai 4 jVl 0 jv>- jJjjoM (J^aJI c ^Sl^Jl IJLfc jl ? (3*1^* • (J>1 y* -ilApVl oLa^-4 

Aja-iJj ^y\s 4 ijl y>\ y* 4 Iaa L 4 4 jb" y\ J^aJ Ai^ . jVl jJ->AJ Li«iy*> jjS\j 'V 

jl 3?* 4 _>c_^>t_^ A_L^l ^*-Io f.L-iVl dJJ& v_Uaipj . jJiA>-lAj 4_>l ^ 4_3 

JIaV 0 ISI 4 V 4 b» jl^-* j b» ^JSLao oAp-j> A-A&"* Lpl 0 ^P Ia^Aj . IaAj£ 

Jju , lAl 4 jJaJI ^Lb 5 y Iaa^ . j31b Oj . £^iJl Iaa 

k 

bAjb_ ty^~^ 4 ^_Jl>-\aJ\ L^1—*^Ap^ Bessel 3 ..^«j *_>1 ^j 4 arjI^I ^.LaVI oA_a 3 ^" ^Lp 

1 f ^ $ 

. l>lii 1 .<.■!>- I^j U jl ‘ ^ t Fourrier 

l 

. aJ>-1aJI apIv 2-* ^ii c-Lp^ijil ^ Iaa 

<il>- . 4 ^ , r"j* i, j^ ifO- 4 Ia^>-j Dl^* yy'A'*-. 4 U . .^2 4 ^IIaJI ^ J^:i Ip^J 

s' * s' c • k 1 c c 

4 a« i.:>o jl ^^p 4 ol£-* (3 V LAIa*!^ ^ J - ^-. o 0^ ^]La oL-s^ljyli 

0^ 4 aJL>- (3j ■ ' ^ a jl 4 L- 4 lZ— ilS^ oUd-i-A ( pSo 

j_^J AJ . ^A ^jl Jjij jl t^.. W,..^Vl ^4 ^ T ;. /3j 4 j-^3 C^* 5 ^! (Jp 4 }^^ 

jl tjll . li Ajj>- 1 t —^y 1 V} JjI^-w 4 1^:1 . oLjaLjbl^i y AA.i4-1 (J?i u-»^il 

. A^Aif A^—J 1^3 J^-Al ]1 ^_5 0l j^^ fi-bp^All 

o\ o^i\ . ^\ji\ ^ oV 4 Vd <• j 4 ^ Aii 

l J ^ 

. AijA\j ‘^Ail\ "^aU* \^\ i^\ — \-ijii Aut^N ^ 

jVl^ . jil y d y ^ ^ ^ * am! jj^p^jOJ ^-Ul jl^ . ^^sjjlj 

jjL^J . iA>-j ai)l O^jAJ ^4 ^ —;> L^U Aj A_>- 4-^i- ^^uai l AjA_>- lJjLAaS^I ^ 

jjlli» ji L>V ^.l*jt jaIaJ) 6 A^-j , <_£j>Vl a}/-^! jr 4 ^i CJ 3 L 4 

4 lAp^jlJ V jl <_£y ^^1 pLjVl jJJb ji_Jj^\ a\) 1 3>i cj^bll Aj V^ ^ Aaj 

(3 Ai)l 3 )A_a 3 . jJJi) j,l b*j_dLjbi_4 jajA^- i_ - : -y ^p^JI aJL>^5^ 

v' < < , 

{4*-y *'“"> jl ^ill y as^>~ U,Iap1 ajj! ^aj jl A_ipl )aa (3^ * ^1 L* 

. Ajm Aj 1 «Aj 


N ^ • 



. ^ “&}»>& 

. i y*~?f 4^i^j 1 *i~\* , LA ^j3& jlUJl 0| 

iieUiy AAm J>£ iyr^ ^ ^ j* <. *ly3\* \J^- Ci'C V*\ l\^—»■ 

. &y£ ^\*i\ \Jlj ii\ i\j» ( ^j»£ i. aiy:y cJC ij&ifib ^ ij*^A i^yA^ 

j jJ\jjL\\ Lj-i ^jZZ * ...^'SilA-l lIIIj J ■/»*5~ J* . ( jyi^i5l ilAlJ Aju .,!?•£ ^ U^) 

? t U&l i-i-T 

i ; 4 #• 

<liJu ^p jJ 1 >jlp A-i>-lJdl oli*!)UJl aa^Jj ^^L»! lJ^- 4 L^.~>- 

. 4jl>^Jl ^Jfl: .k 1V , jjyi^iJl 

^ ^-iiV\ijk ^ iy-y jJlSIO 

. i^3 ^Jj 

0 \j \ jjk ^^Vs>- ju\£ i£-ykJr &\i\j j**J \^Va£>\ iA\ A2 b«6 ^ ■ V •■ -*■ 

1\fX> C... - A "4AW\ \d\j^aj 

< i ‘ * 

j\j£ ^P 4 ^jUM <3 Oy'y ./7) J.5*^* 4^-iJ • -US^lliljJ 4 \ njb 

u-J^y jl ^Jju <U^J . £jUM (J ( $j) ^^-1 |^i iJ L «-L*i-LlP ^v/ 3lj yil Aj jAmO L« 

jjviJl ^-1 p 4 Ljajl UI 4 jlWl Sjla* ^Jjy o\ ^IpI . ol^* IA 

^-—>-1 Ol c.IjJ^4^ *■ \j]a ,/2 * Q-»»J Aj| . ^jj| 

^Jp OJuJJi : C.IaI ^1 jj . aJ ^Uj '1 IjwAj . Aw »ij ^L>«_JIjj 4JLP 

. 1 Jl>- J^P AoJ 4 l : L- *J LiC/ ciiJi Jj?-I . ol^LiJl 
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Cr^ 

cJjb' . J t t\>}JA\ f—i J 3 L_-I Stephen Weinberg y»-x~- 

3 4 ^ g•* • ~jI^L^— t 3^5 aJL ojj^ -4 - ' 1 t U3 aJI^p! 

V* <ol . a...—.1?4_ijwaJ\ d^iil "W’ J -a^C- Jp J,y 5>‘U- Jli - W JS" 

, JsLtJ ^-j>j.j2-* yj\ yaj i aJJUJI jlj£)U 

Xijbj ^\y 'd\ ^\ ^ 0\ c ^\t t iNic^i) O^ 

*;^t>..»il ^^£\a \j>\j\ t \'.~.'.fl\ . jjN\ i^ ^^3 cJ£ ~A »•&» 

i^y\ "ftjA ^>1 y,^ai>> ii\ viiVs ^j .”»Jlju <^\jJ\a «A^\ i}\ cJS 
ii\ t \ia ii\ a .a»3 y . v^<* ^ *^bi j Cij^i «A \ii\ 

^ j\ Vsji» *^bi y*p ^ U»-jA yi lu«p^ v y^\t &\jk 

3Jv>-AJ^J ^yb 3| t 5Jy Uil . 1_L>- jUW^Iy* OjS^> 01 l ui xJ L ywlj^yiJl y £- 4 Uji JjUpl 

yjly* 4*_s*2J y* ^ <■ ^i\j&> iJ^ 4 3*^ 4 1 ^ Uj -2 <a j ^ r XU ...- J A. a . : .. )o 1 1 

, t.* c c 

^—U 4 ^Jju 1—- ( y-^lj j\j>t^ijl 3 Ul>- Ij-LpU-sJ yj jjlli Ol ^P) ) 4-~*U0 

_ t t f- c 

s_jJU£ aJLa^II 3Jj>-1j *jy-s* <j i 4 _ _y* 01 p-U-> . OljywOl 

JlAr]1 3 <• 01T yOj . A y*0g >OyiJlj yijjyJl J^yOl 4 1-^P 

f * 

y^-^y 4 *u>'*ll k^>l <h. «—^1 3 ^JLpLaJI l"t^ *X>yj dj3 t 

Jl>-^lj 3jo*-^/l 3^U0 -Ij 1-^f" v-- jwOI y* 01 4 iltilil ^Ul^Lj ^OyL y^-^ 3^ l£^* 

. Ajj.*\\ yJLL' 3 ^JUiiSl 


*< ’^ypiN ^ 4 i\ii\ i^\p- i\ 4 l\-~» ^ ^i"i\ y\ (jA Aju. \i _^A 3 iiV slii 




AjI -^>~y V ! •j.a ; J-l Jl^-Jl l-L* ^p C-J»-Jlj . ~ '■‘T ' J 

^p>«—^ ,_y —y) L Ajy^Jl *■> Igjf-lj 4 jl*l 4 ' ^ V i j»lp oLi-> oLiJ-li jNl 

i_£_X j^-»l aJjU>^5" i \ ^TA ^lP i (J kl-£^»-l -LiJ . 4^Li]l 4_> yy^ p-~*b i 

j ££,}bjl b$-l —*** ^2/W ^ , IgiL-li Aifall 4^jJJl dlyll Jaaj ^Ol LSy^ C 3 JuXxJl 

f . C f £ C 

1 'V aJjlSo! ^tXP ^y* X-- 1 b ' »— _ *~P L-J ly-1 L y~y*£' X?- 1 ^y* \J>^ . A.» ^J. I 3-LA> b 

t 

L j)*? .i 1 3x& Ob j^yp-j yJ'y^ J b* \ t ^Ip j j . djbl yp *&yu b^ 

Lc 4 b^iS^ t^y^\ \>~y Aj j\QJ j) AjjyJl djjLll j bjO ( yb--l j-P *V 4 b^-J jilll 3.ibpl » P: 

b»xp- t olyaJl 3 X 5 . j JJ-y* ^SvXw' ^ bi ^y]i 4 >JLz 50\ axx*Jl oU r J'^ Ob* u <L!L1 il" L^* 
^b A3jyil jliJl ^U-iNl (y*^ V' J-oiJ jl <^y l ZjjyJl yill vJ ^bL a XXX 

. bj~'^' j£- 


\ Jjo WA O\i^o^\ &Aa vj^ 


01 ^..Ut.Oj . i Jj>~ ‘DLUs l_^\^l *V| Obji-Jl 3 Ja y ^g. 1 ^ 'i ^ V i fip Xxb ^yJl XjljX-Jl j 

I c ^ * t 

|Ow> j*-P * y^~ l lxx) jiV xl! . ^\^>1 ^1 L&^pI ^1 l_w 2 j>tX 


>^jll 3^^-^il 4 4_j X-j'l— y& b“ jiy^ lJ 


< * “ . c ^ . 

x^Xj li^ vjxb-» 5 1 1 -—<oi pLi 0^ ^ q«. pil t ^jOpLaiL) 

^J. Uj*V -uji aJLaJLU ^bp;l jl j-X 1-iSj . Ajc^Obl <w^)L>wJl IjLJl^ j lx?^ lX->- 

C C *■ _ + < 

^ 4 — jl* <3 *0J1 ^~* ‘*>\ Jjj}\ uJ^l b»l . j li»L>ol j ^>b*l iSy 0r^ 

4LJ_aJ1 Xj1jX— ll w « * . ^jijjaOl A-jLj jfet^ > yA y^r j j3 j<»-*Jl lj-^lj J»4i Obja.:]! 

b-^Lljl c j-1 ^jwbj-jjJl Jab--^1 j b_^lp Lj&Ll>\ l ...IaJLI ^ibkP'l O^Ip bs-Al A^Jalil 

o-^ lii ‘^~ a * J - *SV ‘ J*^ iii ^ 


. 4_XaX 0 Aw^byll 


jl jJJi ^ , _U»-I Jlj (^ ^ L..a>Ij; oljjlaJI »j-* jl j^y 

^ “ 

&yy ■_ IjjL b£ c iQjbjJaill 3 *JLa lx>- jjXs^ j Lwli ji-jN t^L^L?! 

. oi^^ji ^_i^p <jyi>»-jj <jj^b_^*iJi 0 ^" 

< * 

<X-JK^ 1 -* 4 (_£jf* ^ c^-P^bj <jl 0 -b b* bj-J Aj y^Jl Xjbji-Jl b)| 

Uj . o>-—Jl ^y* xi*J 1 j b^laJ vX -1 w.O ^11 <jy^Vl ob^iiJl ^ b ** j <JbM 4 jp 

Ol c-^b»JNl 3 Xa 4^jbf 0l ■ ^ »wj t L-jLwi'Vl ^XP jl 4 aX>-l^ A-aJ l^> OlV 

■ r^ - Jl ^ 



^ i .& t. iW\ ijis- ^ \\t> ^ ja$i\ »aa o\ 

*? 

* * t 

. \jji *±jy>\ AjjJaJI jj^ 4-—. y J .H IJLfc jKj . ‘(*-*■ 

jl Js^jo Jaii» ^J>S 4 £j\j J^JLj jJS* 4 oLjaljjJ! .La.s j? ^c- Ijl>- aL^- Ifil 

^ 4_*aS^ jtSl j_\_J L^JL*^- AjL>-N O^AjAaj l^jp i£jpyj jl f IAaj ^A^*> Njl ^L^3 j 
^IJL pNl . JOy Ja^Jj dJJi jl i*—J t ^IajI SptsP 

^l*jl ^jlp y* ^jjl 4juji ^_L*Jl i L-*ja L^>^l y* 3wV*j 4_ij jS I ^y I— ntyf~ o---«♦ l> ^ 

p « * ^ 

jl 4 MVt j»lp U^l Jjl j 4 1-iiLJJ jl^i'Vl aJun o^J» 1 *Jupj . jl£*^ll 

<j aJUj Aj JoZj ,^oy jl ^ ^ LoJ- jj^iJl ^jp OJj l^N 4 ^JJj yj aLi>l 

JlakJI lJ ol^U f-L-iVl jl>-I ^Wl ci ajJ bji LS" . ^1 *jI 3^0p 

flp Ij^ItT” j>^*j ^^1 AjC wLaJI 4_jL» I^jlOiS^I ^jwLj^-aII jl y> j^>-)}\ (yy*~}\ 

i Lfl5" ajo^I y f£*\ l£s jilp <j La>- i Uj loL> iijliJIj c \ ^ Y \ 
^Jjl lj_^^" jl^ . I^la.>jjN A>-^Jl] jjJw? a J>\$ ^ 6-LOj 1 ^.-..<g i 4jOL« ; .^al 4 aJL^*j3I 

c£7^1 L^J^I ^{jf L ^jA £j>i_Olil C- : aJ ^l!l 4 d^yjlJl 3 -Ia J>-^l ^j- 4 

iJiij . I^Iaj) jlSv*3 c5 *U^; aJLaj 3^5 ( ^L--I 4 4_j....^. \o^ 4 <'^*--iaJl 

j^Jb^-iJI 4 j ( A-UiO J l Ja-OJ -L^>- COftj oLO\^)l JjIjI J a^SvjJl o:»JI L^ojI 

4_cjoJI jl^>l jl -Lipl . O_olll aJl I aII lIjI^wJI ^ 4j^JiJl 

* . s* c 

. il*jl d^ip 4P^a^ 4jtOlj^ialll (J^>“ L5^Sw» oJl^l^ ^^jjiajl ^jl 


^P A^a>“ az^m c5 jj^ i ^Ijyl a^Op 0>l^ L^.^I ^ Aj^JiJl jl ^Pj^ IjJk 

e * * C 

0310^/1 i_ ‘.“i A-^Lu^ Aj^LaJl . fl LJUL' L^ii^Aj )) U^J Ijjliijl 

c c ' s' vi s * * ** 

Jta-Ai Jl>-^ 4jI f.lwL*^ L^.^1 l-XSs^^ , I_la_>jj j Uji A>-^»aJ L-ilOil 

aJj>-^-C aO^>-^ f-'O c5 _/• OS ^IaJI Oj£j jl l«-ij>- 

^1 AiLu^l 4 Oy^j (j 0>-^ jl aJ jJ j jJ 4 Aj^4 3jjO-l> ^IajVI jJJu l^J COlf 

. ol^ll W6\y^J\ OaJI 

0\ Oy)bi\ ^ Vnfl j >d\ o\i\ifii\ ^ \i j^u si\. 

• # — 

,\>\£ j3^\ ^ji j* 0\^ O\o^«p\ 

JSj . ^ LiV"*^ <j jl I^ 4 4 jyAi ) y_^JI jj. 


\ 



v^L-S/l j Jc5-0j . JyU y£ «jjl^Al iJL- 

oli i_<L_—>- ^Ll j^i t y^Jl <ii>- JaUi j ^—; yi-jil jy^l l-blju bju- _y 
—'-U- a ji*-^ (^1 OU-J-I —yai^-S/l k__JL-S/l jlj l_U . SJblyU ^ 
L/' 1 , 5 ** —u-JL-Vl —olj^Vl UI . AjiUJl oU_J-l y t U^Ut J Uly 

■ Jj^ 2 ^ (J lf=-U>Lo yp _1 

VfNS’j ol.^ iSycj» V. Vt fl»>AA O'iViai'i ^3^i\ js*x 'C,\ ^v-Aj 

** yA ^Ju. liNioiN l|j^V <■ f--*r 

J;Ui 0>^*O- *»yu ijjjl fiU-ajl jl .(^y uW) 'L' . '-U- f.<_£ij .- ,yih 4 ^ 

t oiyyy J-iLj iUL-^j loj _Ji ijyJi t yy j lOjUvJj jyA'Vi 4 __Jlu 

. . ' * ^ t 

JjU^ U-Up L»jj> »Ajf- L5~U I_la jta 1 4 iJl^jN 4 _jyil «iJL* jb l ji Uo yp J .*£ . bl 

f*f. L (J y^l oL__J-l ( j^i . _l<wi!I yp iJUill y*UJI 

aLJI j J^LJl Ijl» J -a£. Ujljp l __JLvNl JSC UolO ^ i 4 . /3 4- > xjA.l jAjJl U — ^ ^JjIaj 

* * * 

Ia^j t i c-JLNl l£~^J - {Sy ^Jl fj-Io 

. -A^.«..r? Il N ^ Aa.* ^-Ao -Oj->otU 4—lu L*l_£ 

vi t jiysij ^ja jA j^^iV j^i ^ t^N o«^ u>J^ 

**. o_jtw> y ^U>\ yk^\ (^?- ^^ <. 4i^w> ^~»«r U 

^*i3\i\\ ^ j|,o m .V\ j»ijk ju. 

oUjj^JW i ulu)! ^Ji oL;...^i lJi :^y <ji oUi. js- <Jiyi li Jy ji 
o^U^y-l oJla ^yi o>U!jai! (_j 4 «Ip U ^ oAa ^ i j yJlj 

^iyi (_j yy* - * o->v^ ^_yji (j jir ^ i^ju^ryi i Ua ji yjaii . ly 
4 4.■»■■■«>- iiJU» ^ jUi~.< jlyaP Aj^aJl ijJJj <j y_r*^b j| - LJU- .L 4 j u. l l 

L . vjjji yy n yjyijij 4 ^g~y^y3i yi^i syy y»»-^ 

AP 4 jy* 4^.-jW^^]l t," ■ -—I O^VpUjJI 4u5lJ^ ^.4 ^\..r?pl y*-\ Oj^pUj yjyjj 

* *> 

oiyui ji 4 . 10 .. 4 I) 4 ( jyuoy i_»ix o^y yy < y ui. y* 

. yii"" 4 (jyJl 'j* Ia^-^ 4 j .. ; U r ^Jl (jiyil^ 4 yjyJlj dy^i^lNl Jajy 

jyjl . ijiJLiil 4j_y!l ^yJl t* "** yOj Nj 4 ^jla ^Lp IJLa 

^jy 1 ! Jp 4 4-jjjyjil iiUall (_jy«J 4^ 4 jl <AjLi)l 4^yi ^A - J* 



i, .. > 4 . A J SLA) jl^ll Oj ^ I—JU»~ -L*-Jlll 

^i^c 1 ! j&"" ^[L* Jjl^- t _^>-t jl OlAyjyJ ji oUjy^Jl 4 jly^H k_JOU 

^A jJJj , *Ju\jS\ 4j yjjl 4j^JijJl y» ^ y£ 4 ( ^1>yJlj Lc ) 4jj» f~~>r JSy 4 

. <y^4j Ji aJLJ.1 

^ Lfrlt* yjyiij tali I jl^P ^P ^ (_£^>-l 4^!L^/2 _Aj aLl^>\ .lll-Lfi^ 

A>-ljl (J>1 <—N AAjLiil Ajypl Aj jjiiJl ilN 4 (J,l^-I ^7-ijpH t3 Ai}_/*^l l^li aJL^ jaiL L_>^>* Aj£ 

fi ' 

. L*> 4jfljly^ JS\j <WajL?xJ.l AilUJl ^_J jAj y <L>-\J>*-1^>\ jj,l Jj 4^^^! IJlA 

,j aj~L>- aJIp^S^ :ygjiil ^iyPl ,j -X*j \y^*A> 4 JaJ^I i,y ~J 4 

* * ~ ~ 

• L *^!/> O-UaJ i— 3-iAl j^Loj p-ri • aajIaJI aj y^Jl ijjjiJl L^JcLj a.^3jL>^ 11 oliUaM 

^i^U L* aOI j-LJ LjaM aJLUJI Ia^jwL>- (3 Uly* ( A^Ja 1U aa^IaII oU^a.l^ 
, \>y^2A ^y>^a Aj^-\j>~\ <_j U>Vl ^I>- -L>“1 ^1 4 

a. :: .. -.■ 11 4 W * JUl aOj aJI . a_L£- j\P <_$ Jl>-S ^yjl 

. A^ijyJi AJldijl ^1 -L>iju-*1j jlxll JSw $A£- Uj| . (i ? (ji*-* iJl£- ijl 4 aVl*^ 

A^i-L^ A ~JjAj Aj^.^.^ 5T A«JJ^jJl Aj\_iiil V“^ AJ/ - A>U<J^ A» ■»■ ■■‘.'l A_Aj^Jail Ui^ll 

jLAl J J^\ JLj^l jl ^ip Lr J 1-U ^Jpj . -\^p a^Jiil oUUil 

IaJ^>-( CjL>-l>i-lH ^ ^Jalll S^IpN jjr ^jl ^ 4 A>l*Jl A-^-^H Aju 

. A-i5LjJl hyjW Ajjiilll cj-JLj -Ijo 

S A J . ‘ py 4 A^S* \^0 Ac^uiit ^Nj 

A^jJi jl. J-W^l (j Jl^-Ji Ul» ^ AjL>-N 1 . Ajlb<- iijbj L^U-i jyi ji j£s 

ilaJl Oli ^ajt-^iUl Ubl^s^ 4 1 ^: 1 ^ ^^ill ^j^il AjyiaJ (J Nj LOij l)I y&Z aJU 

jl lL/L^£ . jJ^Jl AaUc* OIaUaI 4 A-—O^-SsJi 0*>lpliJij dJJ-iSj Aj.w.^ii O^ApIaJU 

. Arj j3 0 -La Aj l5j 

jy^^. I**^a* j * A-l-^^/l Ol-U O-J^" 

* * * t 

• '*-*i^ (J.1 ilojNl Jl^i>-I ii^laj L^2 j1 aIv» oli 

V m ,.y\ j* \\(k y ~&^£> ji j>-\ 

0\AyjjS^\ ^ 0'S^\^i\ _ a ^ s^ \ 



jl . aaIj^- 1 ^JLNl ^jJL IJl&j i-ilUhjl $\ju)1\ JT <J ^lJjb/1 j[ 

4_Jl—Nl ^U*I ^jl ^a (<j^>^bli AjljjUl Ub/^>«jdl ji ) iljoJl ijJdj 

4 ^ 

4.-^-.j . Aj^J^JI Aj^] a'. ll 4 j^>i^LL I JL>-I ^il^Jl <i UlA^ . 5-OJmil 

4 Ajljjy^vjl J AiLfliLl 4jtS^l^J ^ylA>^/) Jj-I Jajfli 4 A.^ ; .^>- JUj 0 JlP ^«jUl' 


d-XA jl • ||t-J*Aj 4^yJi C*&j\y>S\ |» ./!■> (jjiJl ^liil ^J~4“l ^ -.jaj ^ ^Jj 

aj^Jp (Jj^J-I aJjU^ Jj>“ 4 ol^JLJI ^Jjl l^-^ 1 tjj * 1-U o-U J*P <JL*-1 oU 


^jf' A^iJj jj Ujfaj , Ai 4 <—JjliL L* 4 Aj yj!>\ Aj^jaJl AilUJl A.jad>«J> ‘UPjJ 

. ^UNi dJJj <j jl ^11 jl 

^4a^\yjM\ 0\y\^i\ OAAyh* ^i\ OW—-*ir^ ^ i^N 

^1— Zj j i ^J—iaji £a 0^^-—*j ^Ull «_^Lib/l UI . > w .lLib/i ( ^ha>-\ 1^ . p_Rj 

“ t t 4 

|*-L- <j 4 ^A oU..^> t+LT ^Ujj ^yiA>-Vl uJljyi jJJi ^ .sJp Ajj^ . 4jA>Li^* 

. aIiSOI 4_C_\P 4 Aj^Jl Aj^iaJl OlilL» 


^Jl u L..-f l 4 Ul>* ,9 10 ^ ^A 4j^J^jl Aj^iaJl jj ^ju.Iall ^-U j| 

. ojJLull aIiSC]! jjh 4— JUI U>y^>“ ^A Lj^p 

\ '&£ oV^^aMN 

fi-jbj 4 l^P.-ll.»»> 'b/ U^o A-l^sJ ^«L^- ^JlP^ 4 l^PJ»p iiUA . 

4 * 

4 Uli AllSoi 4PJP C—J 4 ^>yi iJ 4 1^1 . aL^nJ'i aPJP uL..^ Uly ^Jl ^A 0^-Nl 

(J IJl>- aU^* <lL 5^ ^JiaJ 1^>J 4 l^UaAJ jl \)j* c3^' Ujjaaa ^tj >--. : .h 

^->- ij 4 Ajo^iii^l pL.Ul jJJiJ ^^4 O U ^Ja.) Aj^j'V JJ . Ul> ^ 9 10 4 

- ^ 

• Ailry Jbl^l» aJI p ^1 ^lli OU.>.»..«4~' ^y* L^V“^ -U"_^ 

^4 4 1 4 

. ^ \j>b r . t - \mS’<p 496 ^^>X^- 0\ *^\_A,\ o\ ^ (, /< *‘. 


S5 °'^ 4 jL^' 4 L* ^ Jij ^ j)y^ —utj* ‘“-j* 1 V! 

■ 496 (J.I J-^aj \f^\y i-lpj < -UP oLa^jJI^ 4 d^T*“ Ol*/^ 

^;./a~ 4 j^2j bi ‘*- :> lS-^^ _y^ t-AA jl 

. 4 J l-^->~~^i 1 d-A_A 

^ ( 

oL>} «.L j J>3I ^ li^p jl y. 'jj, ^ _L. ^jj! ^ 


^\K 



* c C 

4 496 l-LA ^ Lj>i,..tj \ ^jA 'j .>-l J>l.Api ^1 ^ _ a t.^S ] .^j a - /-> jA 

P 4 t f 

. 4aL^ ^jA c c3^*^ jJ* 4 \—Aj£- ^*Ap .iilAA ^)l -lA~.«J LuSsJ 

S O'Un-iiV &JA i£ _£iu b\ t-^N ^ yf. Jx£ 

t lyJjL. J 4 ja . „..j ^ . .)^U (3^^J 4 (Jyj ol Jl A-P ^Aj-L-^ai ^ i £j>y <1)1 UJ Lp 

*ui]\_> ^i>\ 6£*ytt*£- ^jA ^IiJaij 4j^JijJl <1)1 . 1 -aLj ^ aji..~.j Zjjij.si lU lu..».! 

aJuLic* tii i JJL*-* 0 U 3 U -ilLA <1)1 . ^\m\\ Oy AdJ^ia 4_1 sjL-J| 

# I # * _ 

<_)l <_ £ Ljl JlaipI^ . L^_p^ 1> oliUp lJ L^j^- ajJu^Ljl* U f. ^y_*_> 

‘t t'' 

>-jl . JuLic* 4 j\j lyj 4 jA j^JaJl <1)1 ( y* ^ 1Aa*> ^IIaJI OjS' ^jA ^\£- V 


*>\-J?\ J £)l\ 4 yl>-ljjl 


ur- 1 


j'b/1 <1)1 , 4-LpIjJI ^*wS/1 j_J1*j 


J* 




— £ ££ _ > '_ r * 
4jUl>- L^' J*~ ^ 4^ ^j- 4 ^ L l3 • L ^ 1 -^>" ^; • “- ! 4 

fi l t 

IjJ 6jA ^ j_j 4ijJbj LpLj 4jU y^A 4-> ^aL <1)\j I~La*> £.L-o- ^tjaj fr^ll 0} . 4*L*^J 

* 1 * " ( 

..Jail <1)1 z^-P) 4 I-br A ia..»; ^Aj Ai> ALJU4 AjWP^JI . 


*U-»i> 




t Ay ^p 4 4 496 ^Aa! 1 0| - -^A w - l li ^-wA> 

f <* ^ — . 

Ul^ , l-i->- 4]a..»; wjl»Jp|y3l 1—ji\ 4 Cf~-f' ^ 

. 4^3 : ..^J\ ^liiii 4ja..».il oUip^J..,djl JL- 

^ byjji\ bb^sflj jP V_yi* ^£i b\ Ai3\ii\ yjj^\ AjJabi 

^jy>~ ^>- <_J AjaA>i_dl AjUaII J_j AaIaJI 4j o U y3~y\ ^»A*J (j\ . p_AJ 

L_4_^4 ^>UIp ^JSsJuj Jj>-I I-Laj , aaIa» 4p^jJ LJIp ^o^jJI ^iJL^IaJ s~. laP^ 

1 c ^ . * 

SLp- oJ-< . aajIa)! 4j^jyll 4 j cJ^" c3 

\ '*-$-A l_^^- 4 ^JISvaJ ^jia fl l) 4 I—O fi^J Jj>- L^>JLJ l) JL ^ 4 1~>- 0-L* 4^Jj 

^llS3 4 4 ./3 d>iji.l AiljaJb jLaIjj 4»^pL>- 4aU 4j^j^ 4>i_^~J ^_waJ ^ -J iJ^P- 

■ W (J^ iij'Liil hji^\ Aj^liJI <c> C - : ' . 7 .-> ^Li?' -L«j 01 c^- -Laipi N 

ALP _yP-N l— 1 » > ^)* L *r AAJIa)I 4j4j j]h^i\ Ol^^/U <1)^ -LilP^ N 

^jA ^^|--^IaJI ^jA I-La (jt . LUjI jl fjy}\ ^jA ^ j*m\ 4-Lr^- jl ^>Lj>au^s> 4-Lr^- jl 

<> 

j* \^\ ^ yA jA cij ^ <. jljt 

o\#cii Ai_£j \S€ oVijA CiV ^y&\ ^At . 0\i 





\ ’j&m» j\ iW \j^s- oVi 

aju cJK"’ li' l£ jV LaS\J k j* ta-U- ^j-^. £^li t |*-AJ 

4j 'J 4jjJj^. lili . qJj>-\j Aj^lJ aaIi^- ^1 aaIi^- oIj^Islj oLil^-^l 

. oly ^ill ^iUJl Jp J^Ui* c£^' J 5 ^ Vkr^' ONl 

^L>l jtT U La^jlp 0*^1 Aijy*- 4 oLil^^l 01 -X5"^il 01 

V LgJis' V’ o>h V>j <■ V^r*-* - <-?-^-* Or* '-^ 0^‘b liJ ' ‘ cmV 

• -^b ^ 

Li*y t aj^j) A^JajJ ^l^J' ls**^^ \J 3 5~^~' j • i -‘ aj j' V j*^ - ' O'" cr^ 

JyLLl ^jl ^ juJI liJLli jju ^ c aJLaJ-I JV^“' ‘*- 4— 'j jAlf ^ oi jJl; 

A-Lil%«w* d->lj^Jij Lk-p c Autll^l 

^ £j\i9i£& £_y\* 'U#* \jkSJ* Jb OV^wiiN Vr*» ^«jl ^as~i ^ 

. aJL^VI a»^p U . L^-V jak t y}y*} Jij^ V^j J t VI 

01 V*^* J* l£j>-\ oNyi* aJjV lijj./j’ ,5J ^* '*Vj • ./V' A? ^ VI 

OJLIp Uj . JlJIj C~«.0?j olkxJ; V^ • jJ-*Lc V ^b *—<lij-i~» j./®-’ 

jlJL c_w>j VI Jy' U-up . (i aj^I oWj-s 'j-® V^ 3 *" * : ‘■^ 

jV O-L^k! ‘ AjLbiM ob>wJl o-La JS' y*S- Or* '■ s ** p -VV^' j l ~^ J ' 1 /^' 

ajiJlj s .U ^Ot ojiJl _oJij (j aIpUSI jl t ^jLiL t jj j^p 

. \_J\ jjJ_V» aIpLsJIj oU^iJl o!a j* a*jUI iSj^ iSy^ Jfij Ai*<wiJi 

kiL-lfl J 9^ jJg ijjj^> J* JU-1 A-—Uj U t U l_py t V-A oL^wiJl 

^ AfcUfli ^\> OyLi^s» N^Jk». ^.UN oHSUft i>H\ Ojt» 6^\ o\ yU 

. a\w\ Ajujv ^ ^ o*^ J 0 ** ^ 

iUNl jp Jj-V JkU . oliJL li* yo w^jJl JUi^^ U^- dVij . ^ 

kv—-J o-i-A t V—ij A*ijiiU a;:—! l 

i_iL>l oVj^kA» kj aPj-a« V^ i_V j' 

a^V'j • Ajpi ( _ r J tiJJj 1 A»*L«i*i 1 kWl^-l j 1 VjV^' 

Ak«l*Jl CjU^V^' a-aL* La>- j«-4-aj jj-UP . kiiJj5^ j_^J 0' 1 kV^lJ-' i_V*^ j 1 V' 

Y . • 



A-bb^J A y>~ ^Jp 4j^ifl..U A^w-3;J ./a M oAA ^/P ^L>*Pj b* AiP 

4j^Jij f.bJ AiLA>iS C^y>xj\,\ ^jA AAP LpJ| LLa* 4..bAS 4 _C-La)I 4Al^>*jjl olytA>-^ 

. 4$v^\<y* 

£jSjb> 4-*j\j L £_*l^ll (_5 4 aAjL^ ‘y^LA’blS <A^)fj->>LliS aA£> C »lW^j -A' JJw-- \^JJ Jl>-^j 

ly^J . ^JaJl ^waJ l^-pbjl t_>~^)l ApSjaII 4^>U lg ? Aaib e3yo N bjS ^S-j )Jj& f b^-^-A? 

L a .. /31 AS U-Jlp . Ulyfcl LALLu l _ - - ■>» y.^~- by^bA^l S f.LA-'^S ^".) 

L-*LC ^P-ij A^ 4_£ t l^plyS t w>lf,)^>-Nl 0Ap»j . 4*jJVS Ab^>jji ^l*A J^l>«_I» Aj^>- 

4 Js»j^-tJl lLUu ^bA>JV 4>lp ALAj£ l Jl = T 'h r rt ib eJ>N . ^3 b^JS AJ-^bc*l 

AaLaNI oi^S )aj& • b^*Lc j* bjtp bA (J-p ^ b!l>- ajI ^ 4 ^ 

aJL>- iSy W- ^jvJU Aju i 4 L^_ ' ^Jp 4-^/2 'Al 41^*JS LA i 3 4 4-J-^Vl Oj j^.^Jli . l_Jl>- Ajjbbl 

. -w^Lv- 

^ c *\ju\ ^P ^5 0*iyc^ 0\ “&£i jP tfi\ *W V .. ; . »- .^ V*\ 

^ y^\ \—i\jji Nj^flS \j^\iapY 

^jb^yjJS jw^l d l b*l . L^>b; 4Sw>\^ A^S A^Ss-1—- *UjLjAI^ A] . \ 

t\>yi \^\ . l^P^L olilkll fb^-i ,A 4 j Ahj L* <Syj |->o A-Up -bJL 

Aj^ 1—«jLj_j \ ^a> A^> A^ 4J>-^l^ Ia^JJ jj^sS c o^'AL^ 4j^j>tjdl_) 4 p^jj A^—aa ^5 

AJu^I^I ^u^Ai’ AS 4 j^J-P j - ^Uais !ap> ASjcJs ^a>- aaA ^ 

jj^-£ A^libU J$ ^jSjiS ^Ilp 4 AAi jJAj*- A^A 4j^]A> AAi^ ^y*rt A S ^J^b» ' A-j . ^3 b y' 

. 

aa^ 3 v_ojA^' ^A-^ixJsS AA li ^wJb^-Ai & yh b l A^Sa^ AS ^u>-I U S 

. bw& a JAp 

,\j4s* *W- ^ \i^ A. u\ ^e-Ai AS* A 

. i^Aii jj»tV—*\ Ai\ v^yAA 

o! . ijJij i-^S obyj' ajj. j lj> juy, jixii jt j , jj 

t . 1 - ‘ . - .’ ‘ . • , _ ‘ ' 

f— i - ) ' j/* y;' i_s>^ ^—j vL<n oLiiwPV' 

£ C - 

AJJb bb A^"^' 4 AAA'ISvS^ 4 bA>-j a*^" b^]j c ^> jiaj « : - V L 

^ c A^y_^' lAy-j . b'A^P y^-SJS 4i^b y^L I 



J** *ijj *ij& (J^- jji*Jl d^jU: !»<■»)' *« '* 

C)j£j Ji A ^ .. * . t 1 I (l)i ^*-^J • d)^'^ fc *i ( i ^"i * A»«..* J l ^LmmjI 

d)^-»-U \SijC- ^Jj 4 l-\*- S-b-i^- oL»jJI^ (1)1^11 ^ ijlaj ^ A-Ip L* jl^ t *>LLja> 

— aj>>- oWjJ (J" > a^ £p1 (J’j** aJI^»j)1 CaL^jl»^! d)\ ilftr^ -Ai» . jUjJlj 

LaI^*a L»! . A^JoJI i^A».,*y) i»jN — ( ■ !■?■ * L* ji ^ *^—** j' J^JLp u~^~ 

. ^>LMl l-ull (J ‘£»ljS! iwjL^-l «U; ^L~j 

i i. Xj fiA \^\£j OA* iiH ij^ i C>\y-» ^o* i £>^& Ajft 

v#^ 11 lis^ 3 4 ^ 1 *—^ *■ ^ ^ ^ ■ *Aii\ 'A 

AiS^S ’W ^ djA*. ^ . ^i)\ j> w SAfr jLA\ ^ j&i 

^ <i&i£ J&i ^ \f\ *Ajl\ ^ ^ ^ tayk£ l^ai \^\ ^&\ ^l£Ai^\ 

j» SJUi-~» aJ^I (U6" SijA^ aaJUM iJliiJI ( 1)1 C^iil aIjVI jj . Li^i iJL^ 01 -liipl 

., » ** M t 

jlAy O-ij^-l itaNl j! OJJi ^ *jj}a> 4 JaJtf ^--jyiiSt <_J> ^aj^-1 

. ^liii ji JjNi (j jjj ^ jj j ji ^Ji ji 

f| f t r 1 , * m mm > 4 

Lfjj 4 4 iJi AJL 4 } jjP | 5 jjj 4 ^ I Oi^!^ W ■ 1 *^ 5 " 

. i ^ i # 

la^u**i c„^J) jr ^ ol Sj^JiJI 0l^ L^Lc ajljl» jjr cOlf 

(J^^ ^jjj^il tiilj j! <?>j ^4^-^ Cjll 

4 ^Ja> S—aj^j^ 1 ) ^*y oj i Jjit ^>-1 jyuoj . Lb- 

Jy»' (J 4 <_) 1 jlaJ»Vl Ai^Ui ^ < T*l^' (^ AiJlill aJUJI ^ J.A& i_a 1 / Uv»VI 

^ 0 * 

. c-JI^JraQgb/i 4 j^Ja> A«4AH 4 ^-J^Jl l-l>- <L*lp A^LiJl Aj^JI OJJj 0i 

* 4 4 * i 

. L-U l-a!^ 0l iSj\ cJ 1 ^ 

jjjJ -1 ^JUi* 4 iiJliH aJUiJI 4 O^ d)l tj[ Jyi d)l (^i j-Wi 

0 ^ 4 ^*- 4 i_jl^Uyg^/1 Aj^^i ^jA JjMt (—-j^l AjjJiJi a-i* JiiJ (1)1 ( *l|^i 

I I | ^ * 

. 4 . a. ^ <^4^ Aj^j-L^-I ji JLdlpli 4 AjUJ 1 A^JjJl ^ L*l . I-L^- <^l>- <—->L—1 

. 0 i 

Xfij\^\ c^r 3 0\i\icjM^ Jam ^ i&^N* 

l! Ua()«r.-ti L* JS^ 4^ taf» Jj^ l-i* _L» d)L~jVl (1)1 JjLp'l 



jL*y jVl ijJaJI Oy jjl*j fj* U J-^>- yJ £^1 jl j S' . r-^' j 1 ^ 

c jfcTj 5-bJur C)y.j£ jjyJiJI jK' Cj^~ <• ^*l^ j >Lp j» jl 

4 LjjJ j K' JaJj . j_jyJaJl p-i i_-~r——y aJb-Lj>- j j^LLl'Cj j^yj^Jl OK" (jja-j 

£* jl <_k L -{r^ J , /1 *H J*>- ^ c ^IjVI kiiij (j 

4 4 

lCy ^JilJLj UjiP t J*li jr^J • -W-'-4~l oU^Jl Jj^- 
-U-1 ^ ^Ja^i jl 4 Tevatron jjylaJ ^aLail Jl. iJUlI cAsy~i I 

. ^JaZjli J/uij jl tiy-^ kiilf V J*Vl l-lP iJ^ jUasJly . L«ol^ cLili Oj£~* 

jlr^l C^J^- Jjl^ jl j* jl <^jJl j»-^l <-^~lb 

4 

. <_£ypNt 5^>-jil Olp^-il {j* a^Ui-^L jjtaj l ** 'j** J 

ji dj^Jtil jl jJJ-S . ^l>cJl OjIaAj \—-Ijl ijliA jl ^jA Jj>- AajI Jl -Lju* 

• jjL>CJ C^l j_^ i jVl ^*^!" ‘«» 

cl^l^I^J.1 ( ^^**pl J| 4_ frjj jl^ Sj^ii J.4AJ jl ^A L.»^: 

jtS** 1^1 i5iJo j\->- d-Lft^ , ljL>- 4-iJl 4 ja _.....> JjJ.iL* ^y* U ^ ^i; jl JjL>*J 

1)1^ . «Uobib dyJb^j l-L>- <ajJj 5jSs> J j-LJ 4-aiLiil Aj j>y\ 4jJaJI^ 4 SJLJ-! JfSJS I 

-U^ Jp ( «^Up j^HAj jl^ i ijijliJl ^j y^\ hJj*A\ J jl 1— j^ 

~LaipI j-Ujo , jyu]aJL-j U JLajl» jl ^-IJI Jp jl (j>j\ . <jd-A>iJLil iiUaJl (.hjjj ^Al^aJl 
( y+bz* ji jJ - ! i y*j . iiLSli idjLijl <j 0 J 2 JI jl 

^IaJI I-La ^jl j* u-iyw N jl ^>»p^j U 4 oL-^^jJI d-lA 

4^-U Jp jj^^SJ il i_iLt.K'l O ^^Ual) i hj*a:*\\ oU...>i-l (.IjJ i Ajr'l ijjL> J 

0 4 

L*lp (J^>- C—1 |^j A-J-jail jS' ^ A^V ^Ip j y*~S 

. ^1 r^ 1 Jl 

U—*' cK> ^b^i «-^ j t/y^' ck lt^i gkl* i-^ ckj 

3y oUaJb JAJa jlj t l JJ ^ijaJI Jjl^- j^ Lsiij\ jk“I (_>* jl - Ls !"I i^l^i ‘ ^Lr^ll 
Ui . ^IfJl v’lk'l (_k jl jj^5 (*-!—' ti L/y - ^ M/* ®r^ J ' 

^ r- Jp l_AiyV ‘ ^ fl a-M" a^5j 1^1 t\y~> i ^^yll 

4 4 4 * . 4 

J kJlS" oL>-k j^l ( _5* >r L ^j_/ > "l 1^^" aApl^j ^*X>- ^ l^rk” ^ ^1 ^■k"! 

. aJUiJl; ii">U- U —\^wJoy \-l»S *yJl J;* t j^j ji tLj<I 

. iijLil j>^J 


Y -r 



, • A * 

d)l i {j* tjjyh OljjiiiJl <if- ji**’■• U i_gji jl lJL>- t. .«.*JI jj 
LS»- Lij . 1 4 .. it ij jl jJp- i_^ ^Jl ol<^Jl 

^ A +- 

-L ^w ■ /* i-Lj A>- & L*L* Ol^jiaJl oJlA <i l. ;“7 L* j^l O^i u V 


. Ljipy—JT l^jip jtoj Oi ^Jljl (J,jb/I ■!-"* oJlj l> LC) ^lll pl.»..,4-l 

(^il*JI j>. L Jl ^ ^^.ju s-^-Ajf- <Sj* ^yrj oL^iiJI «Jl* jl jyZs 

SJUJlJLJI t 4^1 a1I (J^aII AjL^/L 4^ y^‘ m ^ Ol»‘‘»4“' 

. Am ^ jf-yj jl l^Lv»LiJ 


0 

{ Aj\y ^ i Lv»jvi>- oLaJI jjujiaJ! (j ujLjsiil y (JiJ-1 li* (J j\L*UJI j-U- jj 

* g * . * * . 

^ oli (jj-i jl Iaj^ ^^SLJlI Ijjf i-oyi oL«<*ll 

oLip 0^1.*;.» ( ^n*l^il jlUJl; 4*J> ^ 4-lp |*-^/ t oJjiiJl «A* jl t ^lll 

<JL>«_L&* I 4A*iL^-l ^4 jy^JU ^ l^JLp t- ■ la ^i i 'V 

'^ , 0 * 

. 4-*rf)L*J.I oJuh aaiII ^4 ^ <LoLiM *LLJI Jl 4 -lTUL 



Jom ^ 


Ju5 . j^3 4-ij ai^" frljaail 'O! jia* iS& Jau-j : etber 

, I dAA j |p i * 

« 

. oISjl^ ij^AJ ^ JL>-ijJi i_iili iLaJ oVjjj-A* : baryons Objajl» 
*-?ry Ojjj)_jJl o' . SiLjail oL-_4-l : pasitrons oUjyjji 

S^L* *J^" aJ^ c a-JL-Jl (^L-J 

. ^^>11 Idf. jbLjii» jl^..,.->- L»^> . 5jU oa 

I<_£jL- o J-v»! Jjn- oli oUk^—jLt j* t^t- jiiaj ^l : bosons O U jjj* 

. ^ < - » ;■»« .*> Ajsf-jj LiOw»! _jt 

4_ Jr y: abslract La ^Uj : Snpersymmetry jjflj ^tbJ 

,J| aiilil iijJbM 1—iL-il ^jJlaJl ^LJl ( J^Lij . ij Oliy*>yiilj 

. 4j0jlajl AjjJjJl Aj^iaJl (j Aj^A^-' ^Aj c aJLij Ajjjaj ^_y**^ 

IfJ > oLjaLi^il j* j* : iopology 

^ ^Jjl i ^ygj&LL ^ j * ..^ ij^P C ^.-1^ 

JL>-_jj jl ajaa;ll -La*)! jJp ^L* ^LJ.) P 1^a\£aI i. ..,a» £y>«J-\j 

. £vU~* (j J-Ap jl c Ja>- ^ 

^jJl < oli)l oJL» J>oI oi J-^Vl j J-Li'^j | _ r Tl* j'S' : Plank’scoDstant dli^j iali 
AiU j| . ^OP ^Aj (Ayiyji ^Jp jyJyiJI 4>U» i» ■- ? ( J-^»l>- l|Al t b _) Ll j*jJ 

iJjA£- i_jj^li (j ( 2jt iilp ^ Ljajl AjjiaJ' iyii O'i jJj"A> 

* * t c 

. Jl 4_* ta £> (J? 4 Ju>lJO ^ 


r * o 



jili Ouy' ^ «./>- l/l ^ illiiJl £1*; ijjaj : supergravity iaibiJl <Ul£JI 

. 4_'wL-l 

i jK" i 1 1AT ^U- L^ilOfr I ^ . <z : * .Ja.\\ iyii\ J-*y- ! Z j VV . ~jl^ . -i-l 

. &-ij0-> ! ,j! o J : : .... U ^v» i. LLj^L? yS* aO J*>1>- 

—ir ji j>j:_ i—oUjjaiilj oLL-*Jl Jf j L Jji; La._U : reductionism LJtyj^l 

. JjVi r L-' / -a^ 

1— “y^i- LJjxJl 3 -Ls. J_<oc—J . Oly i Uy>- i 1/1 : phenonenology A-jlyiUaJl 

^'—' j -. ^ L 'i ^L>3 X-^J3 l*l>- -L 

. o>J' ^lA’l 

2- US« t iJLLJl ,_jyjl JL js- LJy- LJl—* LOJL ; gravitirios oUy..-..Jj£ 

. >LJI LLUJI iJUsJl L>J 1 ^y: 

UoLJ ; L/£-l Jt Jlli! 1 LaJ-l ( *j-L'A ) oO_>- . gravilons OlyJjf- 

. LiliJ' o*-®-'' • ) ' 'Ll~~ 4 ^.oL. 1 oU_.O 

. J/- i-Lt-LjJ' oyM L4 -j ^yJ' J OL . - L ; gluons tOlJ-lp 

LoJ b-u- I_sS'i L—- oL~-/' ^y» ,_j-^> J*. jJJaj _L : fermions Oli 

— — —' a-L>-» -* 

2 2rt ■ 

6 c C f ( 

jl j£s . ^ \j£i\ ^Jp^S sJl JT* frjjJi ( jl) oU^o- : photons oUyy 

. 4....,[? ^SsJl Oj^iH 

^ I.-. ^ .v v y La^ ^_> ^ • strong forcc o *Aj » L. r JI i^jLi I 

. OlS^^SsJl ijy Lk-J 1 O^aJI O-i-A J —t>\ jl iijJwi'I OIj^lJI 

t c 

JS' J-^' t j ^jVl OvUV' <jyaJ' ^ oJ^lj : weak force LLiwiS' ayJ' 

^ ^ c 

dAO-Uj' I lyO» jj_^J 1-4 I-JIP \^l| ^-PyJ ^ W>l- 

«Ijjil Jpljj jJ& Lg>j«.v AJLJL^i\ $yk Jl 0N^AA4 j^\ j^ . 

.(4oLw> ) olJjjj-^U (I) aj 7 v 2 .:*JI oLjS^ll : quarks 

. ^ *M^4 j^Jj^vJlS^ ^ vJolj 

. a - l.s jl 4 j^L^-o ! iujo jjLlc c ^--»-4~ jl i a 4^ U: l y^sj l 4^-iSJl ! chirfllily 4 m]^3 

* 

Oj-aJJ v_—^ \_ *j+S~ <LA^A>» ^ 4j il. oU~-4- ^k«ii ^f-LjLl (—-^' : leptons oUyJ 

. ojujoJJN t <K>jy}l\ 4_A-X-JaJl 



i^jJ i_i' : Feynman diagrams .-j1UU;& 

* _ ‘ . 0 .i 

ol; aJL-jLw Ij>jJl>* JiCj 4.la Jaj£- L^l jl LjL^j oJut> jl £*j . a. Ja. : ]a£ 

. A_Li>- oLL-c- Jir Lf ^1 

t u — 

. 5^-iil ^jA j * . . y }\ s^- ^1 ^il jjLjl--\ ^ajL^a^- ^ Ijaj (*“‘"*^ * P®l"^y 

. ^la (j - 4 lJjJIiJ 4 aK-^> oli u L-> : mesons Ol)jjy« 

il)j_$vj ^ISCj . oliyj 1^1 o L» .. 0-1 Jl.^ ^jA {.Ljapl * muons OU^** 

. jg\ uu, jai V' V 

L^J-pLjj u)| . 4h$Jl AjC-lP U JJ ajCAp oUyJ : neutrinos 

. l^l A>yjJ al^ ol....■, j ^l Lal^» 

Jl ls*—^ ot^k; : Grand Unified Theories (GUTSiioO) jv£jl Objkj 

*■ 6 

4—a^*../lll * 4-^L^/l 4^^-slajl ^jA Aj^Aj 1-^-3 X>-yJ Qjy^ (*“*^ 

. O-bJ-jJlj 

Oyill (J yP^/1 ^J,j l^JLgi Aj^Ja-t * AjJ*iJl Aj^iaJl 

. ly>*_Li N Olw» > ^jA l^lS'" O^lil jb J^Ojj t 3*A-ll 

Aj^feU ^iibc Ja>- iiL Ij-i oy JT aj^ : gauge theory JUjLaJI 5^kJl 
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IJUb 


&m . /1 \ ^4 4 ^ c 4P^ ■ ■ ..3 * J ^ L*.' 

jtT t jSLsJl <Lia-jL} i^Jj^pVI J^L; jK" 1£ i W’" 

? '-i* J JU-j f i v—jy ->-fp J,l t 

t ^Ji jM ^^P iwsL^I Ijiljil (j t CJ^j Jj i>^Sv-aJ' a-U> jl 

C 

l 3X^> «J^laj e-lj^-iJ' ^ j—• ^^P Ol-bj t JjJ-• <ui 

e *■ 

. y^l^Jl ^-i»A jS' y l 4_aj LaJ\ jl^/l Aj^Jaj l^-C* 1 ' 

^jA {.L*JjJl ^aLJU^ ltm r aM i »w^>»JLw«o __ 1 \jjt> 

Sj-ili \y-y^OA \y>~jj~J ^ t lfr«^a>- 0-XA jUa^j' 

. ^jw±i^l ^\P Jyiiill 1 ^■».^i ,—*-J ^*Ju iT t ._a•. '^!'j 

*J' fljj—^ 

^4 Ojl ^Jp < ( Ojj&t) L 4 - — aj ^Jp 4-iL^>V' ^IajVI w «^*v 
4-P^fc^b t Ol*X-Jj J£-j+J2- ^J^-b jlSJj 
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